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(57) ABSTRACT 

In an embodiment, an integrated circuit having a memory cell 
arrangement is provided. The memory cell arrangement may 
include a substrate, a fin structure disposed above the sub 
strate, and a memory cell contacting region. The fin structure 
may include a memory cell region having a plurality of 
memory cell structures being disposed above one another, 
each memory cell structure having an active region of a 
respective memory cell. Furthermore, the memory cell con 
tacting region may be configured to electrically contact each 
of the memory cell structures, wherein the memory cell con 
tacting region may include a plurality of contact regions, 
which are at least partially displaced with respect to each 
other in a direction parallel to the main processing Surface of 
the substrate. 
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Form a memory Cell region in the fin structure, the memory 
Cell region heaving a plurality of memory Cell structures being 

disposed above One another, each memory Cell Stricture 
having an active region of a respective memory Cell 

Form a memory Cei Contacting region Configured to 
electrically contact each of the memory Cell structures, Stich 
that the memory Cei Contacting region includes a pitiality of 
Contact regions, which are at least partially displaced with 386 

eSpect to each other in a direction parate to the rain 
processing Surface of the Substrate, 

FIG 39 390 

For a fin Stricture Sci that the in Structure incides 
a first memory Cell Structure having at least One first 

active region of a least One first memory Cell in the fin 
Structure, and a Second memory Ceil Structure having 

at leaSt One SeCond active region of at east One 
Second memory Cell, wherein the Second memory Cell 

Structure is disposed above the first memory Ceil Structure 

For in a memory Cei Contact Structure Configured to 
electrically Couple the first memory Cell Structure and the 
Second memory Cell Structure Stich that the memory Cell 
COntact Structure has a Stair CaSe Structure, a first Step of 

which is Configured to electrically Contact the first the Ory 
Cell Structure, and a Second Step of which is Configured 
to electrically COntact the Second memory Cell Structure 
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INTEGRATED CIRCUITS HAVINGA 
CONTACT REGION AND METHODS FOR 

MANUFACTURING THE SAME 

TECHNICAL FIELD 

0001 Embodiments relate generally to integrated circuits 
having a contact region and to methods for manufacturing the 
SaC. 

BACKGROUND 

0002 The market pressure to increase the memory cell 
density is continuously growing. This results in a higher 
demand in contacting the memory cells in a memory cell 
arrangement, for example, in case of a three-dimensional 
integration of memory cells in an integrated circuit. 

SUMMARY OF THE INVENTION 

0003. An embodiment provides an integrated circuit hav 
ing a memory cell arrangement. The memory cell arrange 
ment may include a Substrate, a fin structure disposed above 
the Substrate, and a memory cell contacting region. The fin 
structure may include a memory cell region having a plurality 
of memory cell structures being disposed above one another, 
wherein each memory cell structure may have an active 
region of a respective memory cell. Furthermore, the memory 
cell contacting region may be configured to electrically con 
tact each of the memory cell structures, wherein the memory 
cell contacting region may include a plurality of contact 
regions, which are at least partially displaced with respect to 
each other in a direction parallel to the main processing Sur 
face of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. The 
drawings are not necessarily to Scale, emphasis instead gen 
erally being placed upon illustrating the principles of the 
invention. In the following description, various embodiments 
of the invention are described with reference to the following 
drawings, in which: 
0005 FIG. 1 shows a computer system having a memory 
cell arrangement in accordance with an embodiment; 
0006 FIG. 2 shows a memory in accordance with an 
embodiment; 
0007 FIG. 3 shows a portion of a memory cell field of 
FIG. 2 in a top view in accordance with an embodiment; 
0008 FIG. 4 shows an equivalent circuit diagram of a 
portion of a memory cell field of FIG. 2 corresponding to the 
top view of FIG. 3 in accordance with an embodiment; 
0009 FIG. 5 shows a portion of a fin structure in a cross 
sectional view in accordance with an embodiment; 
0010 FIG. 6 shows a portion of a memory cell field in a 
cross sectional view in accordance with an embodiment; 
0011 FIG. 7 shows a schematic top view of a portion of a 
Switch matrix region in accordance with an embodiment at a 
first state of manufacturing; 
0012 FIG. 8 shows a cross sectional view of a portion of a 
switch matrix region of FIG. 7 in accordance with an embodi 
ment at a first time of manufacturing; 
0013 FIG.9 shows a cross sectional view of a portion of a 
switch matrix region of FIG. 7 in accordance with an embodi 
ment at a second time of manufacturing; 
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0014 FIG. 10 shows a cross sectional view of a portion of 
a switch matrix region of FIG. 7 in accordance with an 
embodiment at a third time of manufacturing; 
0015 FIG. 11 shows another cross sectional view of a 
portion of a switch matrix region of FIG. 7 in accordance with 
an embodiment at the third time of manufacturing; 
0016 FIG. 12 shows yet another cross sectional view of a 
portion of a switch matrix region of FIG. 7 in accordance with 
an embodiment at the third time of manufacturing; 
0017 FIG. 13 shows yet another cross sectional view of a 
portion of a switch matrix region of FIG. 7 in accordance with 
an embodiment at the third time of manufacturing; 
0018 FIG. 14 shows a schematic top view of a portion of 
a Switch matrix region in accordance with an embodiment 
after the manufacturing of word lines; 
0019 FIG. 15 shows a cross sectional view of a portion of 
a switch matrix region of FIG. 14 in accordance with an 
embodiment after the manufacturing of word lines: 
0020 FIG. 16 shows another cross sectional view of a 
portion of a switch matrix region of FIG. 14 in accordance 
with an embodiment after the manufacturing of word lines; 
0021 FIG. 17 shows another cross sectional view of a 
portion of a switch matrix region of FIG. 14 in accordance 
with an embodiment after the manufacturing of bit lines; 
0022 FIG. 18 shows yet another cross sectional view of a 
portion of a switch matrix region of FIG. 14 in accordance 
with an embodiment after the manufacturing of bit lines; 
0023 FIG. 19 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with another embodi 
ment after the manufacturing of bit lines; 
0024 FIG. 20 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a first time of the manufacturing; 
0025 FIG. 21 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a second time of the manufacturing; 
0026 FIG.22 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a third time of the manufacturing; 
0027 FIG. 23 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a fourth time of the manufacturing; 
0028 FIG. 24 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a fifth time of the manufacturing: 
0029 FIG. 25 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a sixth time of the manufacturing; 
0030 FIG. 26 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a seventh time of the manufacturing; 
0031 FIG. 27 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at an eighth time of the manufacturing; 
0032 FIG. 28 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a first time of the manufacturing; 
0033 FIG. 29 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a second time of the manufacturing; 
0034 FIG. 30 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a third time of the manufacturing; 
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0035 FIG.31 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a fourth time of the manufacturing; 
0036 FIG. 32 shows a cross sectional view of a portion of 
a Switch matrix region in accordance with yet another 
embodiment at a fifth time of the manufacturing: 
0037 FIG.33 shows a cross sectional view of a portion of 
a source line region in accordance with an embodiment; 
0038 FIG.34 shows a cross sectional view of a portion of 
a source line region in accordance with another embodiment; 
0039 FIG.35 shows a cross sectional view of a portion of 
a source line region in accordance with yet another embodi 
ment at a first time of the manufacturing; 
0040 FIG. 36 shows a cross sectional view of a portion of 
a source line region in accordance with yet another embodi 
ment at a second time of the manufacturing: 
0041 FIG.37 shows a cross sectional view of a portion of 
a source line region in accordance with yet another embodi 
ment at a third time of the manufacturing; 
0042 FIG.38 shows a method for manufacturing an inte 
grated circuit having a memory cell arrangement in accor 
dance with an embodiment; 
0043 FIG. 39 shows a method for manufacturing an inte 
grated circuit having a memory cell arrangement in accor 
dance with another embodiment; and 
0044 FIGS. 40A and 40B show a memory module (FIG. 
40A) and a stackable memory module (FIG. 40B) in accor 
dance with an embodiment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0045. As used herein the terms connected and coupled are 
intended to include both direct and indirect connection and 
coupling, respectively. Furthermore, in an embodiment, the 
terms connected and coupled are intended to include a resis 
tive connection or resistive coupling. 
0046 FIG. 1 shows a computer system 100 having a com 
puter arrangement 102 and a memory cell arrangement 120 in 
accordance with an embodiment. 
0047. In various embodiments, the computer arrangement 
102 may be configured as or may include any device having a 
processor, e.g., having a programmable processor Such as, 
e.g., a microprocessor (e.g., a CISC (complex instruction set 
computer) microprocessor or a RISC (reduced instruction set 
computer) microprocessor). In various embodiments, the 
computer arrangement 102 may be configured as or may 
include a personal computer, a workstation, a laptop, a note 
book, a personal digital assistant (PDA), a radio telephone 
(e.g., a wireless radio telephone or a mobile radio telephone), 
a camera (e.g., an analog camera or a digital camera), or 
another device having a processor (such as, e.g., a household 
appliance (such as, e.g., a Washing machine, a dishwashing 
machine, etc.). 
0048. In an embodiment, the computer arrangement 102 
may include one or a plurality of computer arrangement 
internal random access memories (RAM) 104, e.g., one or a 
plurality of computer arrangement-internal dynamic random 
access memories (DRAM), in which, for example, data to be 
processed may be stored. Furthermore, the computer arrange 
ment 102 may include one or a plurality of computer arrange 
ment-internal read only memories (ROM) 106, in which, for 
example, the program code may be stored, which should be 
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executed by a processor 108 (e.g., a processor as described 
above), which may also be provided in the computer arrange 
ment 102. 
0049 Furthermore, in an embodiment, one or a plurality 
of input/output interfaces 110, 112, 114 (in FIG. 1, there are 
shown three input/output interfaces, in alternative embodi 
ments, e.g., one, two, four, or even more than four input/ 
output interfaces may be provided) configured to connect one 
ora plurality of computer arrangement-external devices (such 
as, e.g., additional memory, one or a plurality of communi 
cation devices, one or a plurality of additional processors) to 
the computer arrangement 102, may be provided in the com 
puter arrangement 102. 
0050. The input/output interfaces 110, 112, 114 may be 
implemented as analog interfaces and/or as digital interfaces. 
The input/output interfaces 110, 112, 114 may be imple 
mented as serial interfaces and/or as parallel interfaces. The 
input/output interfaces 110, 112, 114 may be implemented as 
one or a plurality of circuits, which implements or implement 
a respective communication protocol stack in its functionality 
in accordance with the communication protocol which is 
respectively used for data transmission. Each of the input/ 
output interfaces 110, 112, 114 may be configured in accor 
dance with any communication protocol. In an embodiment, 
each of the input/output interfaces 110, 112, 114 may be 
implemented in accordance with one of the following com 
munication protocols: 

0051 an ad hoc communication protocol Such as, e.g., 
Firewire or Bluetooth; 

0.052 a communication protocol for a serial data trans 
mission such as, e.g., RS-232, Universal Serial Bus 
(USB) (e.g., USB 1.0, USB 1.1, USB 2.0, USB 3.0); 

0053 any other communication protocol Such as, e.g., 
Infrared Data Association (IrDA). 

0054. In an embodiment, the first input/output interface 
110 is a USB interface (in alternative embodiments, the first 
input/output interface 110 may be configured in accordance 
with any other communication protocol such as, e.g., in 
accordance with a communication protocol which has been 
described above). 
0055. In an embodiment, the computer arrangement 102 
optionally may include an additional digital signal processor 
(DSP) 116, which may be provided, e.g., for digital signal 
processing. Furthermore, the computer arrangement 102 may 
include additional communication modules (not shown) Such 
as, e.g., one or a plurality of transmitters, one or a plurality of 
receivers, one or a plurality of antennas, and so on. 
0056. The computer arrangement 102 may also include 
additional components (not shown), which are desired or 
required in the respective application. 
0057. In an embodiment, some or all of the circuits or 
components provided in the computer arrangement 102 may 
be coupled with each other by means of one or a plurality of 
computer arrangement-internal connections 118 (for 
example, by means of one or a plurality of computer busses) 
configured to transmit data and/or control signals between the 
respectively coupled circuits or components. 
0058. Furthermore, as has been described above, the com 
puter system 100, in accordance with an embodiment, may 
include the memory cell arrangement 120. 
0059. The memory cell arrangement 120 may in an 
embodiment be configured as an integrated circuit. The 
memory cell arrangement 120 may further be provided in a 
memory module having a plurality of integrated circuits, 
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wherein at least one integrated circuit of the plurality of 
integrated circuits includes a memory cell arrangement 120, 
as will be described in more detail below. The memory mod 
ule may be a stackable memory module, wherein some of the 
integrated circuit may be stacked one above the other. In an 
embodiment, the memory cell arrangement 120 is configured 
as a memory card. 
0060. In an embodiment, the memory cell arrangement 
120 may include a memory cell arrangement controller 122 
(for example, implemented by means of hard wired logic 
and/or by means of one or a plurality of programmable pro 
cessors, e.g., by means of one or a plurality of programmable 
processors such as, e.g., one or a plurality of programmable 
microprocessors (e.g., CISC (complex instruction set com 
puter) microprocessor(s) or RISC (reduced instruction set 
computer) microprocessor(s)). 
0061 The memory cell arrangement 120 may further 
include a memory 124 having a plurality of memory cells. 
The memory 124 will be described in more detail below. 
0062. In an embodiment, the memory cell arrangement 
controller 122 may be coupled with the memory 124 by 
means of various connections. Each of the connections may 
include one or a plurality of lines and may thus have a bus 
width of one or a plurality of bits. Thus, by way of example, 
an address bus 126 may be provided, by means of which one 
or a plurality of addresses of one or a plurality of memory 
cells may be provided by the memory cell arrangement con 
troller 122 to the memory 124, on which an operation (e.g., an 
erase operation, a write operation, a read operation, an erase 
verify operation, or a write verify operation, etc.) should be 
carried out. Furthermore, a data write connection 128 may be 
provided, by means of which the information to be written 
into the respectively addressed memory cell may be Supplied 
by the memory cell arrangement controller 122 to the 
memory 124. Furthermore, a data read connection 130 may 
be provided, by means of which the information stored in the 
respectively addressed memory cell may be read out of the 
memory 124 and may be supplied from the memory 124 to the 
memory cell arrangement controller 122 and via the memory 
cell arrangement controller 122 to the computer arrangement 
102, or, alternatively, directly to the computer arrangement 
102 (in which case the first input/output interface 110 would 
directly be connected to the memory 124). A bidirectional 
control/state connection 132 may be used for providing con 
trol signals from the memory cell arrangement controller 122 
to the memory 124 or for Supplying state signals representing 
the state of the memory 124 from the memory 124 to the 
memory cell arrangement controller 122. 
0063. In an embodiment, the memory cell arrangement 
controller 122 may be coupled to the first input/output inter 
face 110 by means of a communication connection 134 (e.g., 
by means of a USB communication connection). 
0064. In an embodiment, the memory 124 may include 
one chip or a plurality of chips. Furthermore, the memory cell 
arrangement controller 122 may be implemented on the same 
chip (or die) as the components of the memory 124 or on a 
separate chip (or die). 
0065 FIG. 2 shows the memory 124 of FIG. 1 in accor 
dance with an embodiment in more detail. 
0066. In an embodiment, the memory 124 may include a 
memory cell field (e.g., a memory cell array) 202 having a 
plurality of memory cells. The memory cells may bearranged 
in the memory cell field 202 in the form of a matrix in rows 
and columns, or, alternatively, for example, in ZigZag form. In 
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other embodiments, the memory cells may be arranged within 
the memory cell field 202 in any other manner or architecture. 
0067. In general, each memory cell may, for example, be 
coupled with a first control line (e.g., a word line) and with at 
least one second control line (e.g., at least one bit line). 
0068. In an embodiment, in which the memory cells are 
arranged in the memory cell field 202 in the form of a matrix 
in rows and columns, a row decoder circuit 204 configured to 
select at least one row control line (e.g., a word line) of a 
plurality of row control lines 206 in the memory cell field 202 
may be provided as well as a column decoder circuit 208 
configured to select at least one column control line (e.g., a bit 
line) of a plurality of column control lines 210 in the memory 
cell field 202. 
0069. In an embodiment, the memory cells are non-vola 

tile memory cells. 
0070 A“non-volatile memory cell' may be understood as 
a memory cell storing data even if it is not active. In an 
embodiment, a memory cell may be understood as being not 
active, e.g., if current access to the content of the memory cell 
is inactive. In another embodiment, a memory cell may be 
understood as being not active, e.g., if the power Supply is 
inactive. Furthermore, the stored data may be refreshed on a 
regular timely basis, but not, as with a “volatile memory cell 
every few picoseconds or nanoseconds or milliseconds, but 
rather in a range of hours, days, weeks or months. Alterna 
tively, the data may not need to be refreshed at all in some 
designs. 
0071. The non-volatile memory cells may be, e.g., charge 
storing random access memory cells (e.g., floating gate 
memory cells or charge trapping memory cells). 
0072. In alternative embodiments, also other types of non 
Volatile memory cells may be used. 
0073. Furthermore, the memory cells may be electrically 
erasable read only memory cells (EEPROM). 
0074. In an embodiment, each charge trapping memory 
cell includes a charge trapping layer structure for trapping 
electrical charge carriers. The charge trapping layer structure 
may include one or a plurality of two separate charge trapping 
regions. In an embodiment, the charge trapping layer struc 
ture includes a dielectric layer Stack including at least one 
dielectric layer or at least two dielectric layers being formed 
above one another, wherein charge carriers can be trapped in 
at least one dielectric layer. By way of example, the charge 
trapping layer structure includes a charge trapping layer, 
which may include or consist of one or more materials being 
selected from a group of materials that consists of aluminum 
oxide (Al2O), yttrium oxide (YO), silicon nitride (SiN). 
hafnium oxide (H?O), lanthanum oxide (LaO), Zirconium 
oxide (ZrO2), amorphous silicon (a-Si), tantalum oxide 
(TaOs), titanium oxide (TiO), and/or an aluminate. An 
example for an aluminate is an alloy of the components alu 
minum, Zirconium and oxygen (AIZrO). In one embodiment, 
the charge trapping layer structure includes a dielectric layer 
stack including three dielectric layers being formed above 
one another, e.g., a first oxide layer (e.g., silicon oxide), a 
nitride layer as charge trapping layer (e.g., silicon nitride) on 
the first oxide layer, and a second oxide layer (e.g., silicon 
oxide or aluminum oxide) on the nitride layer. This type of 
dielectric layer stack is also referred to as ONO layer stack. In 
an alternative embodiment, the charge trapping layer struc 
ture includes two, four or even more dielectric layers being 
formed above one another. In another embodiment, the 
charge trapping layer structure may include a so-called 
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TANOS layer stack, which may include a substrate, an oxide 
layer (e.g., silicon oxide) on the Substrate (the oxide layer, 
e.g., having a layer thickness in the range from about 3 nm to 
about 6 nm), a nitride layer (e.g., silicon nitride) on the oxide 
layer (the nitride layer, e.g., having a layer thickness in the 
range from about 3 nm to about 10 nm), a high-k dielectric 
layer (e.g., having a dielectric constant higher than 3.9) on the 
nitride layer (the high-k dielectric layer including, e.g., alu 
minum oxide, and the high-k dielectric layer, e.g., having a 
layer thickness in the range from about 5 nm to about 15 nm), 
and a metal gate layer (e.g., made of tantalum nitride (TaN) or 
another metal having a high work function) on the high-k 
dielectric layer (the metal gate layer, e.g., having a layer 
thickness in the range from about 20 nm to about 300 nm). 
0075. In an embodiment, the memory cells may be multi 

bit memory cells. As used herein the term “multi-bit memory 
cell is intended to, e.g., include memory cells which are 
configured to store a plurality of bits by spatially separated 
electric charge storage regions or current conductivity 
regions, thereby representing a plurality of logic states. 
0076. In another embodiment, the memory cells may be 
multi-level memory cells. As used herein the term “multi 
level memory cell is intended to, e.g., include memory cells 
which are configured to store a plurality of bits by showing 
distinguishable Voltage or current levels dependent on the 
amount of electric charge stored in the memory cell or the 
amount of electric current flowing through the memory cell, 
thereby representing a plurality of logic states. 
0077. In an embodiment, address signals are supplied to 
the row decoder circuit 204 and the column decoder circuit 
208 by means of the address bus 126, which is coupled to the 
row decoder circuit 204 and to the column decoder circuit 
208. The address signals uniquely identify at least one 
memory cell to be selected for an access operation (e.g., for 
one of the above described operations). The row decoder 
circuit 204 selects at least one row and thus at least one row 
control line 206 in accordance with the supplied address 
signal. Furthermore, the column decoder circuit 208 selects at 
least one column and thus at least one column control line 210 
in accordance with the Supplied address signal. 
0078. The electrical voltages that are provided in accor 
dance with the selected operation, e.g., for reading, program 
ming (e.g., writing) or erasing of one memory cell or of a 
plurality of memory cells, are applied to the selected at least 
one row controlline 206 and to theat least one column control 
line 210. 
0079. In the case that each memory cell is configured in the 
form of a field effect transistor (e.g., in the case of a charge 
storing memory cell), in an embodiment, the respective gate 
terminal is coupled to the row control line 206 and a first 
Source/drain terminal is coupled to a first column control line 
210. A second source/drain terminal may be coupled to a 
second column control line 210. Alternatively, with a first 
Source/drain terminal of an adjacent memory cell, which may 
then, e.g., also be coupled to the same row control line 206 
(this is the case, e.g., in a NAND arrangement of the memory 
cells in the memory cell field 202). 
0080. In an embodiment, by way of example, for reading 
or for programming, a single row control line 206 and a single 
column control line 210 are selected at the same time and are 
appropriately driven for reading or programming of the thus 
selected memory cell. In an alternative embodiment, it may 
be provided to respectively select a single row control line 
206 and a plurality of column control lines 210 at the same 
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time for reading or for programming, thereby allowing to read 
or program a plurality of memory cells at the same time. 
I0081 Furthermore, in an embodiment, the memory 124 
includes at least one write buffer memory 212 and at least one 
read buffer memory 214. The at least one write buffer 
memory 212 and the at least one read buffer memory 214 are 
coupled with the column decoder circuit 208. Depending on 
the type of memory cell, reference memory cells 216 may be 
provided for reading the memory cells. 
I0082 In order to program (e.g., write) a memory cell, the 
data to be programmed may be received by a data register 218, 
which is coupled with the data write connection 128, by 
means of the data write connection 128, and may be buffered 
in the at least one write buffer memory 212 during the write 
operation. 
I0083. In order to read a memory cell, the data read from the 
addressed memory cell (represented, e.g., by means of an 
electrical current, which flows through the addressed memory 
cell and the corresponding column control line 210, which 
may be compared with a current threshold value in order to 
determine the content of the memory cell, wherein the current 
threshold value may e.g. be dependent from the reference 
memory cells 216) are, e.g., buffered in the read buffer 
memory 214 during the read operation. The result of the 
comparison und therewith the logic state of the memory cell 
(wherein the logic state of the memory cell represents the 
memory content of the memory cell) may then be stored in the 
data register 218 and may be provided via the data read 
connection 130, with which the data register 218 may be 
coupled. 
I0084. The access operations (e.g. write operations, read 
operations, or erase operations) may be controlled by a 
memory-internal controller 220, which in turn may be con 
trolled by the memory cell arrangement controller 122 by 
means of the bidirectional control/state connection 132. In an 
alternative embodiment, the data register 218 may directly be 
connected to the memory cell arrangement controller 122 by 
means of the bidirectional control/state connection 132 and 
thus directly controlled thereby. In this example, the memory 
internal controller 220 may be omitted. 
I0085. In an embodiment, the memory cells of the memory 
cell field may be grouped into memory blocks or memory 
sectors, which may be commonly erased in an erase opera 
tion. In an embodiment, there are so many memory cells 
included in a memory block or memory sector Such that the 
same amount of data may be stored therein as compared with 
a conventional hard disk memory sector (e.g., 512 byte), 
although a memory block or memory sector may alternatively 
also store another amount of data. 
I0086. Furthermore, other common memory components 
(e.g., peripheral circuits such as, e.g., charge pump circuits, 
etc.) may be provided in the memory 124, but they are neither 
shown in FIG. 1 nor in FIG. 2 for reasons of clarity. 
I0087. As shown in FIG.3, a layout of the portion 300 of the 
memory cell field 202 in accordance with an embodiment 
with a plurality of stacked non-volatile memory cells, is 
shown in a top view. It should be appreciated that FIG. 3 
merely serves as an illustration of fabricating stacked non 
volatile memory cells. The individual components shown in 
FIG. 3 are not true to scale. 
I0088. The stacked non-volatile memory cells are arranged 
onvertical fins 302. Thirty-two fins 302 are shown in FIG.3. 
The thirty-two fins 302 are arranged substantially parallel to 
each other on a substrate. Selection lines 304 (also referred to 
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as word lines 304) are arranged in a direction within a plane 
that is perpendicular to a plane that is, e.g., defined by the 
longitudinal direction and the height direction of the fins 302 
and are serving as lines for selecting a certain memory cell 
within the large number of thousands or millions or even 
billions or more of provided memory cells. The selection 
lines 304 are arranged in a memory cell region 306. Fourty 
four word lines 304 are shown on top of the thirty-two fins 302 
in a first portion of the memory cell region 306 and additional 
44 word lines 304 (10 of them are shown in FIG. 3) are 
provided on the right hand side next to a source line region 
308 (which will be described in more detail below) in a 
second portion of the memory cell region 306 and further 
additional 44 word lines 304 (10 of them are shown in FIG.3) 
are provided on the left hand side next to a switch matrix 
region 310 (which also will be described in more detail 
below) in a third portion of the memory cell region 306. In 
accordance with an embodiment, any number of word lines 
304 may be provided, e.g., 16 word lines 304, 32 word lines 
304, 64 word lines 304, 128 word lines 304, etc. 
I0089. The memory cell field 202 may include a plurality of 
periodically repeatedly occurring portions of the fins 302, 
wherein each periodically repeatedly occurring portion may 
include a memory cell region 306, a source line region 308, 
and a switch matrix region 310. 
0090. In an example, the switch matrix region 310 may 
include a plurality of contact plugs 312, which will be 
described in more detail below. At least two bit line contact 
plugs 312 provide an electrical contact to each of the portion 
of the fins 302. The bit line contact plugs 312 and the word 
lines 304 can be connected to a readout circuit (not shown), 
thus enabling individual memory cells to be selected and read 
out by means of an external circuit, e.g., the readout circuit. In 
an embodiment, the readout circuit may be implemented on 
the same die as the memory cells. 
0091 Between the two respective bit line contact plugs 
312 for addressing a respective memory cell string within 
each fin 302, there are provided a plurality of (e.g., eigth) 
switch selection lines 314, 316,318,320,322,324, 326,328, 
wherein the shown four first switch selection lines 314, 316, 
318,320, may be provided to individually address and select 
a respective memory cell string within a respective fin 302 in 
the first portion of the memory cell region 306 and the shown 
four second switch selection lines 322,324,326,328, may be 
provided to individually address and select a respective 
memory cell string within a respective fin 302 in the third 
portion of the memory cell region 306. 
0092. The switch selection lines 314, 316, 318,320, 322, 
324, 326, 328, are arranged in a switch matrix in the switch 
matrix region 310 and may be used to select a certain memory 
cell along the fins 302, as will be described in more detail 
below. 

0093. As will be described in more detail below, in an 
alternative embodiment, a first additional Switch selection 
line (not shown in FIG. 3) may be provided between a first 
Selection line 314 of the fin 302 and a first word line 304 of a 
respective memory cell region 306 including the memory 
cells. The first additional switch selection line may also be 
referred to as a string selection line. In an embodiment, the 
Switch matrix may include the string selection line. Further 
more, in an embodiment, a second additional Switch selection 
line 330 may be provided (as part of the source line region 
308) next to the word lines 304 opposite to the first additional 
switch selection line. The second additional switch selection 
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line 330 may also be referred to as ground selection line 330. 
Moreover, a source line 332 may be provided next to the 
second additional switch selection line 330 in the source line 
region 308. Next to the source line 332, there may be provided 
another second additional switch selection line 334 adjacent 
to a first word line 304 of the second portion of the memory 
cell region 306. In other words, the source line 332 may be 
located between two second additional switch selection lines 
330,334. Moreover, further word lines 304 may be provided 
next to the other second additional switch selection line 334, 
optionally followed by another first additional switch selec 
tion line (not shown in FIG. 3). In an embodiment, this 
described structure may be repeatedly provided along the fins 
302. The switch selection lines 314,316, 318,320,322, 324, 
326,328, may have associated selection transistors, generally 
speaking associated selection gates, whose function will be 
described in more detail below. The additional Switch selec 
tion lines 330, 334, serve as a switch between the memory 
cells and the transistors of the switch matrix. The additional 
switch selection lines 330, 334, may also have associated 
selection transistors, generally speaking, associated selection 
gates. Therefore, except for the selection gate of the addi 
tional switch selection lines 330,334, the gate lengths of the 
selection gates, for example, in the case the first additional 
switch selection lines are provided, the switch selection lines 
314, 316, 318, 320, 322, 324, 326, 328, can be designed 
having significantly Smaller gate lengths, since Voltages of 
about V, may be applied and the isolation of the floating 
node during programming inhibition may be done by the 
selection gate of the respective additional Switch selection 
line 330,334. In an embodiment, the second additional switch 
selection lines 330,334, may be separated from each other. In 
another embodiment, the second additional Switch selection 
lines 330, 334, can be electrically coupled with one another, 
in other words, the second additional switch selection lines 
330, 334, can be short-circuited. In accordance with an 
embodiment, the additional switch selection lines 330, 334, 
represent a gate length that is greater than the gate length of 
the Switch selection lines 314, 316, 318,320, 322, 324, 326, 
328, in order to reduce the leakage current to ensure high 
boost voltage in the NAND string during program inhibit. In 
an embodiment, the additional Switch selection lines 330, 
334, may have a gate length in the range of about 150 nm to 
about 250 nm, e.g., in the range of about 175 nm to about 225 
nm, e.g. of about 200 nm. In an embodiment, the Switch 
selection lines 314, 316, 318,320, 322, 324, 326, 328, may 
have a gate length in the range of about 50 nm to about 130 
nm, e.g., in the range of about 75 nm to about 120 nm, e.g., of 
about 100 nm. Furthermore, in an embodiment, the source 
line 332 may have a width in a range of about 100 nm to about 
300 nm. 

0094. In an embodiment, the additional switch selection 
lines 330, 334, may respectively include a charge trapping 
layer, whereas in an alternative embodiment, the additional 
switch selection lines 330,334, have no charge trapping lay 
ers. Furthermore, in an embodiment, the Switch selection 
lines 314,316,318,320,322,324,326,328, may respectively 
include a charge trapping layer, whereas in an alternative 
embodiment, the switch selection lines 314, 316, 318, 320, 
322, 324, 326, 328, have no charge trapping layers. 
0.095 By way of example, the programming of a memory 
cell of the memory cell field 202 can be carried out as follows: 
0096. The bit line of the memory cell to be programmed 
may be provided with, e.g., 0 V, the word line of the memory 
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cell to be programmed may be provided with, e.g., +25 V. 
Furthermore, the directly adjacent bit lines of the bit line of 
the memory cell to be programmed may be provided with, 
e.g., 3.3 V. The additional switch selection lines 330, 334, 
may be provided with, e.g., 3.3 V. The other word lines 304 
corresponding to the memory cells not to be programmed 
may be provided with a pass Voltage of, e.g., 10 V. 
0097. In an alternative embodiment, an additional switch 
matrix formed by additional switch selection lines (not 
shown) may be arranged between the source line 332 and the 
second additional Switch selection line (e.g., in a similar 
manner as described above, four Switch selection lines) and 
the source line 332 and the other second additional Switch 
selection line (e.g., in a similar manner as described above, 
four switch selection lines), respectively. 
0098 FIG. 4 shows an equivalent circuit diagram of a 
portion of a memory cell field of FIG. 2 corresponding to the 
top view of FIG. 3 in accordance with an embodiment. 
0099. The equivalent circuit diagram shows the memory 
cells 402 of the memory cell region 306, wherein, e.g., the 
gate terminals of transistors forming the memory cells 402 are 
coupled with the word lines 304. Furthermore, switch selec 
tion gates (e.g., implemented as transistors, e.g. implemented 
as field effect transistors, e.g., implemented as fin field effect 
transistors) 404, 406, 408, 410, 412, 414, 416, 418, are pro 
vided in the switch matrix region 310 to form the switch 
matrix. In an example, e.g., the gate terminal of a respective 
transistor of the transistors forming the Switch selection gates 
404, 406, 408, 410, 412,414, 416,418, may be coupled with 
a respective one of the switch selection lines 314, 316, 318, 
320,322,324,326,328. In an example, each switch selection 
gate 404, 406, 408, 410, 412, 414, 416,418, is configured to 
select a respective one of a plurality of memory cell Strings 
420, 422, 424, 426, 428, 430, 432, 434, in other words a 
respective one of a plurality of memory cells 402 being seri 
ally source-to-drain coupled with each other. In an example, 
each memory cell string 420, 422, 424, 426, 428, 430, 432, 
434, is connected between a respective Switch selection gate 
404, 406, 408, 410, 412, 414, 416, 418, and a gate (e.g., 
implemented as a transistor, e.g., implemented as a field effect 
transistor, e.g., implemented as a fin field effect transistor) 
436, e.g., the gate terminal of which may be connected to the 
second additional switch selection line 330 or the other sec 
ond additional switch selection line 334, for example. Fur 
thermore, as will also be described in more detail below, 
normally-on structures 438, e.g. normally-on transistors may 
be provided in the switch matrix region 310, as shown in FIG. 
4. All elements shown in FIG. 4 may be implemented in one 
respective fin structure 302. Thus, each fin structure 302 may 
include a plurality of memory cell strings 420, 422,424, 426, 
428, 430, 432, 434, for example, which may be formed in a 
stacked manner above one another, as will be described in 
more detail below. 

0100 FIG. 5 shows a portion 500 of the memory cell field 
202 in a cross sectional view in accordance with an embodi 
ment. The cross sectional view is chosen in a direction per 
pendicular to the semiconductor Surface of the Substrate (e.g., 
the wafer) and along a word line 304. 
0101. As shown in FIG. 5, the portion 500 of the memory 
cell field 202 may be arranged on a semiconductor substrate 
502. The semiconductor substrate 502 may be part of one or 
more semiconductor wafers, e.g., of one or more semicon 
ductor wafers including semiconductor material, an insulat 
ing layer and another semiconductor layer on top of the insu 
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lating layer. As will be discussed in more detail below, the one 
or more semiconductor layers may be formed by one or more 
silicon on insulator (SOI) semiconductor wafers. In the case 
of a plurality of SOI semiconductor wafers, the SOI semicon 
ductor wafers may be coupled together by means of one or 
more wafer bonding processes. 
0102. In an embodiment, each fin structure 504 may 
include a part of the semiconductor substrate 502, a first 
insulating layer 506 arranged on or above the upper surface of 
the semiconductor substrate 502, a first semiconductor layer 
508 arranged on or above the upper surface of the first insu 
lating layer 506, a second insulating layer 510 arranged on or 
above the upper surface of the first semiconductor layer 508, 
a second semiconductor layer 512 arranged on or above the 
upper surface of the second insulating layer 510, a third 
insulating layer 514 arranged on or above the upper Surface of 
the second semiconductor layer 512, a third semiconductor 
layer 516 arranged on or above the upper surface of the third 
insulating layer 514, a fourth insulating layer 518 arranged on 
or above the upper surface of the third semiconductor layer 
516, and a fourth semiconductor layer 520 arranged on or 
above the upper surface of the fourth insulating layer 518. It 
is to be noted, that in an alternative embodiment, two, three, or 
even more than four semiconductor layers (respectively insu 
lated from each other by means of a respective insulating 
layer) may be provided to form respective memory cell 
strings, as will be described in more detail below. 
0103 Illustratively, each fin structure 504 thus may 
include four semiconductor fins formed by the respective 
semiconductor layers 508, 512, 516,520, the semiconductor 
fins being electrically isolated from each other by means of 
the respective insulating layers 506,510,514,518. A portion 
of the upper surface of the substrate 502 between the fin 
structures 504 may be exposed during the manufacturing 
process, in which the fin structures 504 are formed, as will be 
described in more detail below. 
0104 Furthermore, a patterned charge storage layer struc 
ture 522 may be provided. The charge storage layer structure 
522 may cover the insulating layers 506, 510, 514,518, the 
semiconductor layers 508, 512, 516, 520, as well as the 
exposed surface portions of the surface of the substrate 502 
between the fin structures 504. 

0105. In an embodiment, the charge storage layer structure 
522 may be a floating gate structure including an insulating 
layer, e.g., a tunnel oxide layer (e.g., having a thickness in the 
range from about 5 nm to about 10 nm, e.g., having a thick 
ness of about 5 nm), the insulating layer covering the insu 
lating layers 506, 510, 514, 518, the semiconductor layers 
508, 512,516,520, as well as the exposed surface portions of 
the surface of the substrate 502 between the finstructures 504. 
Further, the floating gate structure includes a floating gate 
layer, e.g., made of polysilicon, being provided on the insu 
lating layer. In an embodiment, the floating gate layer may 
include metallically conductive portions forming the floating 
gates of the respective memory cells, and isolating portions to 
isolate respectively adjacent floating gates of adjacent 
memory cells. Furthermore, the floating gate structure may 
include another insulating layer, e.g., a gate oxide layer (e.g., 
having a thickness in the range of 5 nm to 15 nm), being 
provided on the floating gate layer. In an embodiment, the 
other insulating layer may include a plurality of dielectric 
layers, e.g. an ONO layer stack (e.g., having an oxide layer 
(e.g., silicon oxide) e.g., having a layer thickness of about 5 
nm on the floating gate layer, a nitride layer (e.g. silicon 
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nitride) e.g., having a layer thickness of about 5 nm on the 
oxide layer, and another oxide layer (e.g., silicon oxide) e.g., 
having a layer thickness of about 5 nm on the nitride layer). In 
an alternative embodiment, the other insulating layer may 
include a high-k material (e.g., aluminum oxide) e.g., having 
a layer thickness in the range from about 5 nm to about 15 
nm). 
0106. In an alternative embodiment, the fin of the upper 
most layer may have an additional buffer oxide layer on top of 
the fin but below the charge storage layer. In this way also the 
memory cells of the top most layer has only two sidewalls as 
active area while the conduction via the top layer is Sup 
pressed to a large degree. This may ensure more homogeneity 
of the electrical behavior of the top most active layer com 
pared to the layers below. 
0107. In another embodiment, the charge storage layer 
structure 522 may be a nanocrystalline type layer structure 
having nanocrystals embedded in a dielectric, the nanocrys 
tals being configured to store electrical charges. 
0108. In yet another embodiment, the charge storage layer 
structure 522 may be a charge trapping layer structure. The 
charge trapping layer structure may include a dielectric layer 
stack including one or a plurality of at least two dielectric 
layers being formed above one another, wherein charge car 
riers can be trapped in at least one of the at least two dielectric 
layers. By way of example, the charge trapping layer structure 
includes a charge trapping layer, which may include or con 
sist of one or more materials being selected from a group of 
materials that consists of aluminum oxide (Al2O), yttrium 
oxide (YO), silicon nitride (SiN.), hafnium oxide (H?O4), 
lanthanum oxide (LaO), Zirconium oxide (ZrO2), amor 
phous silicon (a-Si), tantalum oxide (Ta-Os), titanium oxide 
(TiO), and/or an aluminate. An example for an aluminate is 
an alloy of the components aluminum, Zirconium and oxygen 
(AIZrO). In an embodiment, the charge trapping layer struc 
ture may include a dielectric layer stack including three 
dielectric layers being formed above one another, namely a 
first oxide layer (e.g., silicon oxide), a nitride layer as charge 
trapping layer (e.g., silicon nitride) on the first oxide layer, 
and a second oxide layer (e.g., silicon oxide or aluminum 
oxide) on the nitride layer. This type of dielectric layer stack 
is also referred to as ONO layer stack. The ONO layer stack 
may be conformally deposited on the sidewalls of the fins and 
optionally in addition on the upper Surface of the fins, in other 
words, on the vertical sidewalls of the insulating layers 506, 
510, 514,518 and the semiconductor layers 508, 512, 516, 
520, e.g., parallel to a plane that is defined by the longitudinal 
direction and the height direction of the fins. In another 
embodiment, the charge trapping layer structure may include 
a so-called TANOS layer stack, which may include a sub 
strate, an oxide layer (e.g. silicon oxide) on the Substrate (the 
oxide layer e.g. having a layer thickness in the range from 
about 3 nm to about 6 nm), a nitride layer (e.g., silicon nitride) 
on the oxide layer (the nitride layer, e.g., having a layer 
thickness in the range from about 3 nm to about 10 nm), a 
high-k dielectric layer (e.g., having a dielectric constant 
higher than 3.9) on the nitride layer (the high-k dielectric 
layer including, e.g., aluminum oxide, and the high-k dielec 
tric layer, e.g., having a layer thickness in the range from 
about 5 nm to about 15 nm), and a metal gate layer (e.g., made 
of tanatlum nitride (TaN) or another metal having a high work 
function) on the high-k dielectric layer (the metal gate layer, 
e.g., having a layer thickness in the range from about 20 nm to 
about 300 nm). 

Dec. 17, 2009 

0109. In an alternative embodiment, the charge trapping 
layer structure 522 may include two, four or even more 
dielectric layers being formed above one another. 
0110. On the patterned charge storage layer structure 522, 
a control gate layer 524 may be provided, e.g., made of 
polysilicon or a metal Such as copper or aluminum. The 
control gate layer 524 may be conformally deposited on the 
patterned charge storage layer structure 522. 
0111. In an embodiment, each fin structure 504 may 
extend from a top surface of the control gate layer 524 through 
the charge storage layer structure 522, the plurality of semi 
conductor layers 508,512,516,520, and through the plurality 
of insulating layers 506, 510,514,518, at least into the bot 
tommost insulating layer, i.e., the first insulating layer 506, or 
even into the semiconductor substrate 502, so that a bottom 
surface 526 may be formed at a predetermined fin depth. As 
an option, an additional dielectric layer (not shown) may be 
disposed on the bottom surface 526, e.g., in case that the 
structure of the semiconductor substrate 502 is also used as a 
respective NAND string of memory cells. In an embodiment, 
however, the patterned charge storage layer structure 522 is 
disposed directly on the bottom surface 526. 
0112 In an embodiment, the patterned charge storage 
layer structure 522 may be arranged in a direction Substan 
tially perpendicular to the orientation of the fins. The control 
gate layer 524 and, after patterning, the word lines formed by 
the patterned control gate layer 524 are arranged on the 
charge storage layer structure 522. The word lines 304 may 
have sidewalls (not shown in FIG. 5) that are optionally 
covered by a spacer oxide layer, which protects the active 
regions of the transistors to be formed during the implantation 
of doping atoms for optionally forming source/drain regions 
(not shown for reasons of clarity). The source/drain regions 
may be formed in the semiconductor layers 508, 512, 516, 
520, in the fins outside the word lines 304 and the optional 
spacer oxide layer. 
0113. As shown in FIG. 5, each fin structure 504 may 
include four strings of serially connected memory cells being 
formed by fin field effect transistors (FinFET). The FinFETs 
are electrically isolated from the semiconductor substrate 502 
e.g. by means of one or more of the insulating layers 506, 510, 
514,518. 
0114. The FinFETs are attached to the bottommost layer 
of the charge storage layer structure 522, e.g., to the tunnel 
oxide layer (e.g., in the case of a floating gate structure) or to 
the first oxide layer (e.g., in the case of a charge trapping gate 
structure). 
0115 Thus, there may be four memory cells (with vertical 
sidewalls included in fins forming an active region) formed 
one above the other, one respective memory cell being 
included in a respective memory cell String, the memory cells 
of which may be connected with each other in accordance 
with a NAND type connection scheme in the first direction. In 
general, an arbitrary number offins may beformed one above 
the other (in the height direction), each fin being isolated from 
the adjacent one of the fins by means of a respective insulating 
layer, thereby forming an arbitrary number of memory cell 
strings, wherein the memory cells of a respective memory cell 
string may be connected with each other in accordance with a 
NAND type connection scheme. If a channel is formed allow 
ing a current flow through a respective FinFET, the current 
flows through the fin in a direction which is perpendicular to 
the paper plane of FIG. 5. 
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0116. The charge storage layer structure 522 may provide 
non-volatile storage properties. 
0117. In an embodiment, the memory cell field may 
include a further memory cell String, the memory cells of 
which may be connected with each other in accordance with 
a NAND type connection scheme. The further memory cell 
string may be formed by the semiconductor structure formed 
below the first insulating layer 506, i.e., by the fin-shaped 
portion of the semiconductor substrate 502. Thus, there may 
be, e.g., five memory cells formed one above the other with 
the fin-shaped portion of the bulk material, i.e., with the 
fin-shaped portion of the semiconductor substrate 502, pro 
viding the further NAND memory cell string. 
0118. A method for manufacturing a memory cell arrange 
ment in accordance with an embodiment will be described in 
the following. The following processes also further illustrate 
possible materials for the individual components and respec 
tive geometrical characteristics. 
0119 Referring now to FIG. 6, a method for forming a 
non-volatile stacked memory cell as shown in FIG. 5 is illus 
trated. In FIG. 6, a wafer arrangement 600 including a plu 
rality of wafers is shown. In an embodiment, a plurality of 
silicon on insulator wafer (SOI wafer) is provided, e.g., four 
SOI wafers 602,604,606, 608. The SOI wafers 602, 604,606, 
608 of the wafer arrangement 600 may be single crystalline 
SOI wafers or polycrystalline wafers. The wafer arrangement 
600 may be manufactured, e.g., by wafer bonding processes 
of the four SOI wafers 602,604,606,608. However, any other 
suitable process can be used to manufacture the stack of 
multiple SOI wafers 602, 604, 606, 608. In an alternative 
embodiment, any number, e.g., up to 10 wafers (e.g. SOI 
wafers) may be stacked above one another. 
0120 Abottommost first SOI wafer 602 has a carrier, e.g., 
semiconductor carrier, e.g., a semiconductor Substrate, e.g., 
the semiconductor substrate 502 (e.g., made of silicon), the 
first insulating layer 506 arranged on or above the upper 
surface of the semiconductor substrate 502, and the first semi 
conductor layer 508 arranged on or above the upper surface of 
the first insulating layer 506. A second SOI wafer 604 may be 
disposed on or above the upper Surface of the first semicon 
ductor layer 508. The second SOI wafer 604 may include the 
second insulating layer 510 arranged on or above the upper 
surface of the first semiconductor layer 508 and the second 
semiconductor layer 512 arranged on or above the upper 
surface of the second insulating layer 510. A third SOI wafer 
606 may be disposed on or above the upper surface of the 
second semiconductor layer 512. The third SOI wafer 606 
may include the third insulating layer 514 arranged on or 
above the upper Surface of the second semiconductor layer 
512 and the third semiconductor layer 516 arranged on or 
above the upper surface of the third insulating layer 514. A 
fourth SOI wafer 608 may be disposed on or above the upper 
surface of the third semiconductor layer 516. The fourth SOI 
wafer 608 may include the fourth insulating layer 518 
arranged on or above the upper Surface of the third semicon 
ductor layer 516 and the fourth semiconductor layer 520 
arranged on or above the upper Surface of the fourth insulat 
ing layer 518. In an embodiment, the semiconductor layers 
508, 512, 516, 520, may be made of silicon (e.g., p-doped 
silicon) and the insulating layers 506, 510,514, 518, may be 
made of an oxide Such, as e.g., silicon dioxide. In an embodi 
ment, the semiconductor layers 508, 512, 516, 520, and the 
insulating layers 506, 510, 514, 518, may have a respective 
thickness in the range of about 20 nm to about 1 Lum. 
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I0121. In the periphery area of the memory cell arrange 
ment to be manufactured, e.g., of the NAND memory cell 
arrangement to be manufactured, according to a CMOS pro 
cess in accordance with an embodiment, high-voltage devices 
Such as charge pumps, may be provided. The parasitic capaci 
tance of such a device should be small. Therefore, an SOI 
wafer stack is not used as the substrate for the CMOS in the 
periphery area. In an embodiment, the SOI stack may be 
removed in the CMOS periphery area. Then, a thin silicon 
dioxide layer may formed on the remaining semiconductor 
substrate 502 in the periphery area as well as on the top 
surface of the wafer arrangement 600, in other words on the 
upper surface of the fourth semiconductor layer 520 and on 
the sidewalls of the step between the upper surface of the 
fourth semiconductor layer 520 and the exposed semiconduc 
tor substrate 502 in the periphery area. The silicon dioxide 
layer may have a thickness in the range of about 50 nm to 
about 500 nm. Then, the silicon dioxide layer may be aniso 
tropically etched from the top surface of the semiconductor 
substrate 502 in the CMOS periphery area. Thus, the array 
and a three dimensional (3D) switch matrix, which will be 
described in more detail below, as well as the side of the SOI 
stack part is covered by the silicon dioxide. Then, epitaxial 
silicon (Epi-Si) may be selectively deposited in the CMOS 
periphery area. The thickness of the Epi-Si may be given by 
the height of the SOI stack so that the entire wafer arrange 
ment 600 may have the same thickness all over the NAND 
memory area and the CMOS periphery area. The shallow 
trench isolation (STI) in the CMOS periphery area may be 
formed in a conventional way. 
0.122 Athermal silicon oxide layer may then beformed on 
the upper Surface of the structure that results in the processes 
described above. The thermal silicon oxide layer has several 
functions. It acts as a scattering oxide for the implant pro 
cesses that follow and as a pad oxide for the silicon nitride 
hardmask. As will now be described in detail, the well doping 
(which may be adjusted using ion implantation, for example) 
for the three dimensional structure may be special compared 
to a standard NAND process flow for FinFETs. 
(0123. In the CMOS periphery area, the CMOS well 
implants may correspond to the standard CMOS well 
implants. 
0.124. In the memory cell region 306, in other words, in the 
memory cell array except for the area in which the switch 
matrix is to be manufactured, all four semiconductor layers 
508, 512, 516, 520, are implanted with doping atoms such as 
boron (B). 
0.125. The manufacturing of the switch matrix region 310, 
which also may have a three dimensional structure (in one 
embodiment, the switch matrix region 310 is provided in the 
fins 504), will be described in more detail below. 
(0.126 FIG. 7 shows a schematic top view 700 of a portion 
of the switch matrix region 310 in accordance with an 
embodiment at a first state of manufacturing showing the fins 
302. As shown in FIG. 7, a plurality of cross sections are 
illustrated, the corresponding cross sectional views of which 
will be described in more detail below. 
I0127 FIG. 8 shows a cross sectional view 800 of a portion 
of the switch matrix region 310 of FIG. 7 taken along cross 
section A of FIG. 7 in accordance with an embodiment at a 
first time of manufacturing. As shown in FIG. 8, starting with 
the wafer arrangement 600 of FIG. 6, a staircase structure 804 
may be formed (e.g., etched) into the SOI wafers, in other 
words, into the wafer arrangement 600 of FIG. 6. The forma 
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tion of the staircase structure 804 may be realized, e.g., by 
means of a process sequence of lithographic processes and 
etching processes (e.g., anisotropic etching processes such as 
e.g. reactive ion etching processes (RIE)). In an alternative 
embodiment, the formation of the staircase structure 804 may 
be realized, e.g., by means of a process sequence of litho 
graphic, etching, spacer formation, and etching processes. 
The processes will be described in more detail below. 
0128. As shown in FIG. 8, before forming the staircase 
structure 804, an insulating layer 802 (which may be used as 
an auxiliary mask layer Such as, e.g., as a hard mask layer), 
e.g., made of silicon dioxide, silicon nitride or carbon, may be 
deposited on the upper surface of the fourth semiconductor 
layer 520. 
0129. Then, using a corresponding first lithographic mask 
and an anisotropic etching process, a first partial staircase 
structure 806 may be formed by etching the layer stack of the 
wafer arrangement 600 in the switch matrix region 310, e.g., 
in an area of the second switch selection line 316 down to the 
third semiconductor layer 516, thereby exposing the upper 
surface 808 thereofas well as sidewall portions of the fourth 
insulating layer 518 and the fourth semiconductor layer 520. 
Illustratively, a first step of the staircase structure 804 may be 
formed which may include the exposed upper surface 808 of 
the third semiconductor layer 516 as the main portion of the 
first step and the sidewall portions of the fourth insulating 
layer 518 and the fourth semiconductor layer 520 as the 
sidewall portion of the first step. 
0.130 Next, using a corresponding second lithographic 
mask and an anisotropic etching process, a second partial 
staircase structure 810 may be formed by further etching the 
layer stack of the wafer arrangement 600 in the switch matrix 
region 310, e.g. in an area of the third switch selection line 
318 down to the second semiconductor layer 512, thereby 
exposing the upper surface 812 thereof as well as sidewall 
portions of the third insulating layer 514 and the third semi 
conductor layer 516. Illustratively, a second step of the stair 
case structure 804 may be formed which may include the 
exposed upper Surface 812 of the second semiconductor layer 
512 as the main portion of the second step and the sidewall 
portions of the third insulating layer 514 and the third semi 
conductor layer 516 as the sidewall portion of the second step. 
0131 Then, using a corresponding third lithographic 
mask and an anisotropic etching process, a third partial stair 
case structure 814 may beformed by further etching the layer 
stack of the wafer arrangement 600 in the switch matrix 
region 310, e.g. in an area of the fourth switch selection line 
320 down to the first semiconductor layer 508, thereby expos 
ing the upper surface 816 thereofas well as sidewall portions 
of the second insulating layer 510 and the second semicon 
ductor layer 512. Illustratively, a third step of the staircase 
structure 804 may be formed which may include the exposed 
upper surface 816 of the first semiconductor layer 508 as the 
main portion of the third step and the sidewall portions of the 
second insulating layer 510 and the second semiconductor 
layer 512 as the sidewall portion of the second step. 
(0132 FIG.9 shows a cross sectional view 900 of a portion 
of the switch matrix region 310 of FIG. 7 taken along cross 
section A of FIG. 7 in accordance with an embodiment at a 
second time of manufacturing. 
0133. Then, an ion implantation process may be carried 
out using a lithographic mask (e.g., a photo resist mask) 
which may be opened in a staircase structure area 902, 
wherein the ion implantation process may include an implan 
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tation of, e.g., n-type doping atoms (also referred to as dona 
tor atoms, e.g. phosphorous) using a sequence of threshold 
Voltage implantation processes. The implantation energy may 
be selected such that the portions not covered by the litho 
graphic mask of all semiconductor layers 508, 512, 516, 520 
may be doped with the n-type doping atoms. The implanta 
tion energy of each single implant step may be selected 
according to the position of the semiconductor layers 508, 
512, 516, 520 to be in the range from about 10 keV to about 
1000 keV. Furthermore, the concentration of the doping 
atoms in the implanted regions may be selected to be in the 
range from about 10'7 cm to about 5*10'7cm. In this way, 
doped regions 904, 906, 908, 910, may be formed in the 
semiconductor layers 508, 512, 516, 520, in the staircase 
structure area 902. In an example, phosphorous atoms may be 
used as doping atoms to form the doped regions 904, 906, 
908,910. In an alternative example, arsenic atoms or antimon 
atoms may be used as doping atoms to form the doped regions 
904,906,908,910. It should be mentioned that the implan 
tation energies used in accordance with the described 
embodiments are merely to be understood as examples and 
serve for illustration purposes. The implantation energies 
used in accordance with the described embodiments may be 
dependent on the respectively used materials and the layer 
thicknesses of the respectively provided layers. 
I0134. Then, in an embodiment, a shallow ion implantation 
may be carried out to provide a counterdoping of portions of 
the doped regions 904, 906, 908, 910. The implantation 
energy in the shallow ion implantation may be set such that 
the doping atoms may be implanted in the respective upper 
most semiconductor layer 508,512,516,520, which is imme 
diately beneath the uppermost and exposed insulating layer. 
Thus, illustratively, in lateral direction, only one of the semi 
conductor layers 508, 512, 516, 520, is respectively doped 
with doping atoms, and the portions of the semiconductor 
layer 508, 512, 516,520, which are arranged below a further 
insulating layer or another semiconductor layer 508, 512, 
516, 520, are not doped. Thus, in an example, the respective 
uppermost semiconductor layer 508, 512, 516,520, is locally 
counterdoped in this implantation process, thereby forming 
counterdoped regions 912,914,916,918. In an example, the 
counterdoped regions 912,914,916,918, may be laterally 
displaced with respect to each other and may be arranged in 
different layers, in other words, also vertically displaced. In 
an example, the shallow ion implantation may be imple 
mented as a p-type threshold Voltage implantation. In an 
example, the counterdoped regions 912,914,916,918, may 
be doped in Such a manner that normally-off transistors may 
beformed using the counterdoped regions 912,914,916,918, 
as the active areas and thus as the channel regions. In an 
example, the implantation energy for the counter-implanta 
tion may be selected to be in the range from about 1 keV to 
about 10 keV. Furthermore, the concentration of the doping 
atoms in the counterdoped regions 912,914,916,918, may be 
selected to be in the range from about 2*10'7 cm to about 
10" cm. In this way, the counterdoped regions 912,914, 
916,918, may be formed in the semiconductor layers 508, 
512, 516,520, within and thus in the result next to the doped 
regions 904,906,908,910. In an example, boronatoms may 
be used as doping atoms to form the counterdoped regions 
912,914, 916,918. In an example, the implantation energy 
used for the counter-implantation may be selected to be 
Smaller than the implantation energy used for the formation of 
the doped regions 904,906,908,910. 
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0135 FIG. 10 shows a cross sectional view 1000 of a 
portion of the switch matrix region 310 of FIG. 7 taken along 
cross section A of FIG. 7 in accordance with an embodiment 
at a third time of manufacturing. 
0136. Then, the space above the staircase structure 804 
may be “filled with insulating material 1002. This may be 
carried out by depositing insulating material (e.g., an oxide 
material Such as, e.g., silicon oxide) on the Surface of the 
previously formed staircase structure 804. In a following 
process, the upper Surface of the insulating material may be 
planarized, e.g. by means of a polishing process, e.g., a 
chemical mechanical polishing (CMP) process. Next, an aux 
iliary mask layer 1004 such as, e.g., a hard mask layer 1004 
(e.g., made of a nitride (e.g., silicon nitride) or a carbide (e.g., 
silicon carbide) may be deposited. The auxiliary mask layer 
1004 may be provided as a mask for a following gate contact 
etching process, as will be described in more detail below. 
0.137 FIG. 11 shows a cross sectional view 1100 of a 
portion of the switch matrix region 310 of FIG. 7 taken along 
cross section B of FIG. 7 in accordance with an embodiment 
at the third time of manufacturing. 
0.138. As shown in FIG. 11, by providing an etching pro 
cess, e.g., an anisotropic etching process such as, e.g., a 
reactive ion etching (RIE) process using the appropriately 
patterned (e.g., using a suitable lithographic process) auxil 
iary mask layer 1004, the fin structures 504 and therewith in 
the fins 504 active area strings (which are formed by the 
remaining portions of the semiconductor layer 508, 512, 516, 
520) may be formed which may run perpendicular to the 
staircase structure 804 (in FIG. 11, the active area strings run 
perpendicular to the paper plane). 
0139 FIG. 12 shows a cross sectional view 1200 of a 
portion of the switch matrix region 310 of FIG. 7 taken along 
cross section D of FIG. 7 in accordance with an embodiment 
at the third time of manufacturing. 
0140. As shown in FIG. 12, in the space between the fin 
structures 504, the structure may include only the semicon 
ductor substrate 502 and the first insulating layer 506 
arranged on or above the upper Surface of the semiconductor 
Substrate 502. 
0141 FIG. 13 shows a cross sectional view 1300 of a 
portion of the switch matrix region 310 of FIG. 7 taken along 
cross section C of FIG. 7 in accordance with an embodiment 
at the third time of manufacturing. 
0142. As shown in FIG. 13, the bottom most counterdoped 
region 918 is covered by the insulating material 1002. It 
should be noted that the other counterdoped region 912,914, 
916, are positioned behind the bottom most counterdoped 
region 918 seen in a direction perpendicular to the paperplane 
of FIG. 13. 

0143 FIG. 14 shows a schematic top view 1400 of a por 
tion of the switch matrix region 310 in accordance with an 
embodiment after the manufacturing of word lines 304. Fur 
thermore, FIG. 15 shows a cross sectional view 1500 of a 
portion of the switch matrix region 301 of FIG. 13 taken along 
cross section E of FIG. 13 in accordance with an embodiment 
after the manufacturing of word lines 304. FIG. 16 shows a 
cross sectional view 1600 of a portion of the switch matrix 
region 310 of FIG. 13 taken along cross section F of FIG. 13 
in accordance with an embodiment after the manufacturing of 
word lines 304. 
0144. Then, a layer stack which will form a charge storage 
layer structure of the memory cells to be formed in the 
memory cell region 306 is deposited. In an example, a charge 
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trapping layer stack as described above may be deposited on 
the formed fin structures. In an example, a first oxide layer 
1602 (e.g. made of silicon oxide) may be (e.g., conformally) 
deposited on the structure shown in FIG. 13. Then, a charge 
trapping layer 1604, e.g. a nitride layer 1604 (e.g., made of 
silicon nitride) may be (e.g., conformally) deposited on the 
first oxide layer 1602. Furthermore, a second oxide layer 
1606 (e.g. made of silicon oxide or aluminum oxide) may be 
(e.g., conformally) deposited on the charge trapping layer 
1604. Next, electrically conductive material 1608 (which will 
form the gate contacts and the word lines 304) Such as, e.g., 
polysilicon (doped or undoped) may be deposited on the 
second oxide layer 1606 and thus between and above the fin 
structures 504 and therewith illustratively being arranged 
next to the sidewalls of the semiconductor layers 508, 512, 
516, 520 and the insulating layers 510, 514518, 802. Thus, 
the electrically conductive material 1608 serves as the gates 
for the memory cells (in the memory cell region 306) as well 
as for the Switch transistors formed in the switch matrix 
region 310. Then, using a lithographic process and an etching 
process, for example, the charge storage layer stack and the 
electrically conductive material 1608 are patterned such that 
they form the charge storage structure and the gates (and the 
word lines 304 and the Switch selection lines 314, 316, 318, 
320,322,324, 326,328). 
(0145 FIG. 17 shows another cross sectional view 1700 of 
a portion of a Switch matrix region of FIG. 14 in accordance 
with an embodiment after the manufacturing of bit lines. As 
shown in FIG. 17, after the formation of the word lines 304 
and the Switch selection lines 314, 316, 318, 320, 322, 324, 
326,328, middle-of-line (MOL) processes may be carried out 
to the resulting structure as shown in FIGS. 15 and 16. By way 
of example, a dielectric material 1702 (e.g., a so-called poly 
metal-dielectric (PMD) layer) may be deposited (e.g., by 
means of a chemical vapor deposition (CVD) process or a 
physical vapor deposition (PVD) process) on the auxiliary 
mask layer 1004 and the remaining exposed portions of the 
structure as shown in FIGS. 15 and 16. In an example, an 
oxide Such as, e.g., silicon oxide may be used for the dielectric 
material 1702, although any other suitable dielectric material 
may be used in an alternative example. Then, contact holes 
1704 may be formed (e.g., etched, e.g., by means of an aniso 
tropic etching Such as, e.g., by means of RIE etching) in the 
area above the counterdoped regions 912,914,916,918, and 
between the switch selection lines 314, 316, 318,320, 322, 
324, 326, 328, thereby exposing respective upper surface 
portions of the counterdoped regions 912, 914, 916, 918. 
Then, in an example, optionally, an n-implantation process 
may be carried out through the contact holes 1704 using 
n-type doping atoms (e.g., phosphorous atoms, arsenic 
atoms, or antimon atoms may be used) to form n'-doped 
regions 1706 within the exposed counterdoped regions 912, 
914,916,918 which may serve as bit line contact plugs for the 
bit line connections. Then, the contact holes 1704 may be 
filled with electrically conductive material 1708 such as, e.g., 
tungsten (W) or tungsten silicide (WSi) or any other suitable 
material. Furthermore, a metal layer may be deposited (e.g., 
using a CVD or PVD) and then patterned such that bit lines 
1710, which may be respectively electrically coupled to the 
electrically conductive material 1708 filled into the contact 
holes 1704. It should be mentioned that in an alternative 
example, an arbitrary number of metal layers may be pro 
vided in the back-end-of-line (BEOL) processing to connect 
the respective components in the memory cell arrangement. 
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0146 FIG. 18 shows yet another cross sectional view 1800 
of a portion of a switch matrix region of FIG. 14 inaccordance 
with an embodiment after the manufacturing of bit lines. FIG. 
18 shows both sides of the switch matrix region 310 together 
with additional counterdoped regions 1802, 1804, 1806 
which are formed in a similar manner as the counterdoped 
regions 912,914,916, 918. Thus, the switch matrix region 
310 in accordance with an embodiment is completed. 
0147 In an embodiment, the metallization of the memory 
cell arrangement may be provided such that the bit lines are 
provided in the so called metallization plane 0 (i.e., in the first 
metallization plane above the word lines), and the bit lines 
run, e.g., perpendicular to the main direction of the word 
lines. Furthermore, supply lines may be provided in the so 
called metallization plane 1 (i.e., in the second metallization 
plane above the word lines, sometimes referred to as Metal 1) 
for contacting and reducing the RC delay of the well contacts 
(not shown), the source line 116 and the select gates. In an 
embodiment, one or more additional metallization planes 
may be provided above the mentioned metallization planes. 
Furthermore, it should be mentioned that in alternative 
embodiments, an arbitrary number of metallization planes 
may be provided and the above mentioned lines may be 
provided in different metallization planes than described 
above. 

0148. In another embodiment, the bit lines may be 
arranged in the metallization plane 1 (i.e., in the second 
metallization plane above the word lines) and may be con 
nected with the contact plugs, wherein the metallization plane 
0 (i.e., the first metallization plane above the word lines, 
sometimes referred to as Metal 0) may provide the well con 
tacts and the Supply lines for the select gates and a low ohmic 
Source line further decreasing the ohmic resistance of the 
Source line. 

014.9 FIG. 19 shows a cross sectional view 1900 of a 
portion of the switch matrix region 310 in accordance with 
another embodiment after the manufacturing of bit lines. This 
embodiment is similar to the embodiments described above 
and is manufactured in a similar manner. Therefore, in order 
to avoid unnecessary repetition, only the differences of this 
embodiment compared with the embodiments described 
above will be explained in the following. 
0150. In the embodiment shown in FIG. 19, a wider switch 
selection line 1902 (wider than the select switch selection 
lines 314,316,318,320,322,324,326,328) may additionally 
be provided for decoding as a commonly shared select gate. In 
this case, Smaller select gates (and thus also narrower Switch 
selection lines 1904, 1906, 1908, 1910 compared with the 
width of the switch selection lines 314, 316, 318,320, 322, 
324, 326,328 may be provided) for decoding. This may save 
chip area for the memory cell field 202. Furthermore, in this 
embodiment, a low resistance may be provided (and thus 
higher read currents) due to shorter memory cell Strings. 
0151 FIG. 20 shows a cross sectional view 2000 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a first time of the manufacturing. This 
embodiment is similar to the embodiments described above 
and is manufactured in a similar manner. Therefore, in order 
to avoid unnecessary repetition, only the differences of this 
embodiment compared with the embodiments described 
above will be explained in the following. This embodiment 
mainly differs in the way of manufacturing the staircase struc 
ture 804, as will be described in more detail below. 
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0152 One difference of this embodiment compared with 
the embodiments shown in FIGS. 8 and 9, for example, may 
be seen in that the steps of the staircase structure in accor 
dance with this embodiment is manufactured differently after 
a doping of all semiconductor layers 508,512,516,520, in the 
staircase structure area 902. In this embodiment, the doping 
may be carried out using an ion implantation process. The ion 
implantation process may include an implantation of e.g., 
n-type doping atoms (also referred to as donator atoms, e.g., 
phosphorous) using a sequence of threshold Voltage implan 
tation processes. The implantation energy may be selected 
Such that the portions not covered by the lithographic mask of 
all semiconductor layers 508, 512, 516, 520 may be doped 
with the n-type doping atoms. In an example, the implantation 
energy may be selected to be in the range from about 10 keV 
to about 1000 keV. Furthermore, the concentration of the 
doping atoms in the implanted regions may be selected to be 
in the range from about 10'7 cm to about 5*10'7 cm. In 
this way, doped regions 2002, 2004, 2006, 2008, may be 
formed in the semiconductor layers 508,512, 516,520, in the 
staircase structure area 902. In an example, phosphorous 
atoms may be used as doping atoms to form the doped regions 
2002, 2004, 2006, 2008. In an alternative example, arsenic 
atoms orantimon atoms may be used as doping atoms to form 
the doped regions 2002, 2004, 2006, 2008. 
0153 FIG. 21 shows a cross sectional view 2100 of a 
portion of a switch matrix region 310 in accordance with yet 
another embodiment at a second time of the manufacturing. 
0154) Then, a first step 2102 may be formed, e.g. using a 
lithographic process and an etching process (e.g., an aniso 
tropic etching process Such as e.g. a RIE process), wherein the 
etching process may be stopped on the upper Surface of the 
fourth insulating layer 518, which is thereby exposed. Next, 
in an example, a shallow ion implantation may be carried out 
to provide a counterdoping of portions of the doped regions 
2006, 2008. The implantation energy in the shallow ion 
implantation may be set Such that the doping atoms may be 
implanted in the respective uppermost semiconductor layer 
516, 520, which is immediately beneath the uppermost and 
exposed insulating layers. Thus, illustratively, in lateral direc 
tion, only one of the semiconductor layers 516,520, is respec 
tively doped with doping atoms, and the portions of the semi 
conductor layer 508,512,516,520, which are arranged below 
a further insulating layer or another semiconductor layer 508, 
512, 516,520, are not doped. Thus, in an example, the respec 
tive uppermost semiconductor layer 516,520, is locally coun 
terdoped in this implantation process, thereby forming coun 
terdoped regions 2104, 2106. In an example, the 
counterdoped regions 2104, 2106, may be laterally displaced 
with respect to each other and may be arranged in different 
layers, e.g. in different semiconductor layers, in other words, 
also vertically displaced. In an example, the shallow ion 
implantation may be implemented as a p-type threshold Volt 
age implantation. In an example, the counterdoped regions 
2104, 2106, may be doped in such a manner that normally-off 
transistors may be formed using the counterdoped regions 
2104, 2106, as the active areas and thus as the channel regions 
of the respective transistors to be formed. In an example, the 
implantation energy for the counter-implantation may be 
selected to be in the range from about 1 keV to about 10 keV. 
Furthermore, the concentration of the doping atoms in the 
counterdoped regions 2104, 2106, may be selected to be in the 
range from about 2*1017 cm to about 10 cm. In this 
way, the counterdoped regions 2104, 2106, may beformed in 
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the semiconductor layers 516, 520, within and thus in the 
result possibly next to the doped regions 2006, 2008. In an 
example, boron atoms may be used as doping atoms to form 
the counterdoped regions 2104, 2106. Then, in an example, a 
tilted ion implantation process may be provided, e.g., using an 
implantation angle in the range between approximately 45° to 
approximately 60°, to form a first highly doped (e.g., 
n-doped) connection region 2108 in the counterdoped region 
2106. The ion implantation may be an n-type implantation 
(e.g. using n-type doping atoms such phosphorous atoms, 
arsenic atoms or antimon atoms). Furthermore, the concen 
tration of the doping atoms in the first highly doped connec 
tion region 2108 may be selected to be in the range from about 
10 cm to about 10 cm. 
O155 FIG. 22 shows a cross sectional view 2200 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a third time of the manufacturing. 
0156 Then, a second step 2202 may beformed, e.g., using 
a lithographic process and an etching process (e.g., an aniso 
tropic etching process such as, e.g., a RIE process), wherein 
the etching process may be stopped on the upper Surface of 
the third insulating layer 514, which is thereby exposed. Next, 
in an example, a shallow ion implantation may be carried out 
to provide a counterdoping of portions of the doped region 
2004. The implantation energy in the shallow ion implanta 
tion may be set Such that the doping atoms may be implanted 
in the respective uppermost semiconductor layer 514 (the 
already doped counterdoped regions 2104, 2106 may be cov 
ered by an appropriately set implantation mask; it is to be 
noted that in an implementation, the same mask may be used 
for the etching process in 2202 and the implanting process 
portion of process 2004), which is immediately beneath the 
uppermost and in this case only exposed insulating layer, e.g., 
the third insulating layer 514. Thus, illustratively, in lateral 
direction, only a portion of one semiconductor layer 512 is 
doped with doping atoms, and the portions of the semicon 
ductor layer 508, 512, 516,520, which are arranged below a 
further insulating layer or another semiconductor layer 508, 
512, 516,520, (or is covered by an implantation mask) are not 
doped. Thus, in an example, the respective uppermost 
exposed semiconductor layer 512 is locally counterdoped in 
this implantation process, thereby forming a further counter 
doped region 2204. In an example, the further counterdoped 
region 2204 may be laterally displaced with respect to the 
previously formed counterdoped regions 2104, 2106, and 
may be arranged in a different layer, in other words, also 
Vertically displaced. In an example, the shallow ion implan 
tation may be implemented as a p-type threshold Voltage 
implantation. In an example, the further counterdoped region 
2204 may be doped in such a manner that a normally-off 
transistor may be formed using the further counterdoped 
region 2204 as the active areas and thus as the channel regions 
of the respective transistor to be formed. In an example, the 
implantation energy for the counter-implantation may be 
selected to be in the range from about 1 keV to about 10 keV. 
Furthermore, the concentration of the doping atoms in the 
further counterdoped region 2204 may be selected to be in the 
range from about 2*107 cm to about 10cm. In this way, 
the further counterdoped region 2204 may be formed in the 
second semiconductor layer 512 within and thus in the result 
possibly next to the doped region 2004. In an example, boron 
atoms may be used as doping atoms to form the further 
counterdoped region 2204. Then, in an example, a tilted ion 
implantation process may be provided, e.g., using an implan 
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tation angle in the range between approximately 45° to 
approximately 60°, to form a second highly doped (e.g., 
n-doped) connection region 2206 in the counterdoped region 
2104. The ion implantation may be an n-type implantation 
(e.g., using n-type doping atoms Such phosphorous atoms, 
arsenic atoms or antimon atoms). Furthermore, the concen 
tration of the doping atoms in the second highly doped con 
nection region 2206 may be selected to be in the range from 
about 10 cm to about 10 cm. 
0157 FIG. 23 shows a cross sectional view 2300 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a fourth time of the manufacturing. 
0158. Then, a third step 2302 may be formed, e.g., using a 
lithographic process and an etching process (e.g., an aniso 
tropic etching process Such as, e.g., a RIE process), wherein 
the etching process may be stopped on the upper Surface of 
the second insulating layer 510, which is thereby exposed. 
Next, in an example, a shallow ion implantation may be 
carried out to provide a counterdoping of portions of the 
doped region 2002. The implantation energy in the shallow 
ion implantation may be set such that the doping atoms may 
be implanted in the respective uppermost semiconductor 
layer 510 (the already doped counterdoped regions 2104, 
2106, and 2204 may be covered by an appropriately set 
implantation mask; it is to be noted that in an implementation, 
the same mask may be used for the etching process in 2302 
and the implanting process portion of process 2002), which is 
immediately beneath the uppermost and in this case only 
exposed insulating layer, e.g., the second insulating layer 510. 
Thus, illustratively, in lateral direction, only a portion of one 
semiconductor layer 508 is doped with doping atoms, and the 
portions of the semiconductor layers 508, 512, 516, 520, 
which are arranged below a further insulating layer or another 
semiconductor layer 508, 512, 516,520, (or is covered by an 
implantation mask) are not doped. Thus, in an example, the 
respective uppermost exposed semiconductor layer 508 is 
locally counterdoped in this implantation process, thereby 
forming a further counterdoped region 2304. In an example, 
the further counterdoped region 2304 may be laterally dis 
placed with respect to the previously formed counterdoped 
regions 2104, 2106,2204, and may be arranged in a different 
layer, in other words, also vertically displaced. In an example, 
the shallow ion implantation may be implemented as a p-type 
threshold Voltage implantation. In an example, the further 
counterdoped region 2304 may be doped in Such a manner 
that a normally-off transistor may beformed using the further 
counterdoped region 2304 as the active areas and thus as the 
channel regions of the respective transistorto be formed. In an 
example, the implantation energy for the counter-implanta 
tion may be selected to be in the range from about 1 keV to 
about 10 keV. Furthermore, the concentration of the doping 
atoms in the further counterdoped region 2304 may be 
selected to be in the range from about 2*10'7 cm to about 
10' cm. In this way, the further counterdoped region 2304 
may beformed in the first semiconductor layer 508 within and 
thus in the result possibly next to the doped region 2002. In an 
example, boron atoms may be used as doping atoms to form 
the further counterdoped region 2304. Then, in an example, a 
tilted ion implantation process may be provided, e.g., using an 
implantation angle in the range between approximately 45° to 
approximately 60°, to form a third highly doped (e.g., 
n-doped) connection region 2306 in the counterdoped region 
2204. The ion implantation may be an n-type implantation 
(e.g., using n-type doping atoms Such phosphorous atoms, 



US 2009/0309152 A1 

arsenic atoms or antimon atoms). Furthermore, the concen 
tration of the doping atoms in the third highly doped connec 
tion region 2306 may be selected to be in the range from about 
10 cm to about 10 cm. 
0159 FIG. 24 shows a cross sectional view 2400 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a fifth time of the manufacturing. 
0160 Then, a fourth step 2402 may be formed, e.g., using 
a lithographic process and an etching process (e.g. an aniso 
tropic etching process such as, e.g., a RIE process), wherein 
the etching process may be stopped on the upper Surface of 
the first insulating layer 506, which is thereby exposed. Then, 
in an example, a non-tilted or a tilted ion implantation process 
may be provided, e.g., using an implantation angle in the 
range between approximately 0° to approximately 60°, to 
form a fourth highly doped (e.g., n-doped) connection 
region 2404 in the counterdoped region 2304. The ion 
implantation may be an n-type implantation (e.g., using 
n-type doping atoms Such phosphorous atoms, arsenic atoms 
or antimon atoms). Furthermore, the concentration of the 
doping atoms in the fourth highly doped connection region 
2404 may be selected to be in the range from about 10'cm 
to about 10 cm. 
(0161 FIG. 25 shows a cross sectional view 2500 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a sixth time of the manufacturing. 
0162 Then, as shown in FIG. 25, a (doped or undoped) 
polysilicon layer 2502 (in an alternative example, a layer 
made of any other suitable electrically conductive material 
may be provided instead of the polysilicon layer 2502, e.g., a 
metal layer) may be deposited (e.g., using a CVD process) on 
the structure shown in FIG. 24. In an example, the polysilicon 
layer 2502 may be n-doped using phosphorous atoms, for 
example. As shown in FIG. 25, the polysilicon layer 2502 
may be conformally deposited on the structure shown in FIG. 
24, thereby covering and electrically contacting the connec 
tion regions 2108, 2206, 2306, 2404, etc., and/or the counter 
doped regions 2104, 2106,2204, 2304, etc. (in case no highly 
doped contact regions are provided). 
(0163 FIG. 26 shows a cross sectional view 2600 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a seventh time of the manufacturing. 
0164. Then, an insulating layer 2602 (e.g., an oxide layer 
2602, e.g., a silicon oxide layer 2602) may be deposited to fill 
the space of the staircase structure area 902 at least up to the 
upper surface of the insulating layer 802, followed by a pla 
narization process such as e.g. a CMP process down to the 
upper surface of the insulating layer 802. Then, in a similar 
manner as described above, the charge storing layer stack 
may be deposited and the gate contacts may beformed. Then, 
the polysilicon layer 2502 may be patterned. 
0.165 FIG. 27 shows a cross sectional view 2700 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at an eighth time of the manufacturing. 
0166 Then, a contact hole (in an alternative example, a 
plurality of contact holes) may be formed in the insulating 
layer 2602 to expose a portion of the polysilicon layer 2502 
(in an example, at any step of the staircase structure, e.g., in 
the uppermost step of the staircase structure). The contact 
hole may be filled with electrically conductive material 2702 
(e.g., tungsten (W) or tungsten silicide (WSi)). In an example, 
then, a metal layer may be deposited (e.g., using a CVD 
process or a PVD process) and then patterned such that bit 
lines 2704, which may respectively be electrically coupled to 
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the electrically conductive material 2702 filled in the contact 
hole. It should be mentioned that in an alternative example, an 
arbitrary number of metal layers may be provided in the 
back-end-of-line (BEOL) processing to connect the respec 
tive components in the memory cell arrangement. In accor 
dance with this embodiment, only one contact hole is needed 
due to implementation of the n-polysilicon bridge, imple 
mented e.g. by the polysilicon layer 2502. As discussed 
above, the landed contact (e.g., using the contact hole) could 
be placed on several positions within the staircase structure 
area 902. 

(0167 FIG. 28 shows a cross sectional view 2800 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a first time of the manufacturing. 
0168 Illustratively, this embodiment may be understood 
as a combination of the embodiment shown in FIG. 19 and the 
embodiment shown in FIGS. 20 to 27. Starting from a struc 
ture similar to that shown in FIG. 20, the respective steps 
2102, 2202, 2302, 2402, may be formed in the staircase 
structure area 902 by a repeated process which may include 
(in each repetition) an anisotropic etching (e.g., a RIE etch 
ing) (e.g., thereby exposing the upper Surface of the respec 
tive doped region 2002, 2004, 2006, 2008) of one respective 
step, a further anisotropic etching (e.g. a RIE etching), 
thereby exposing the upper Surface of the following doped 
region 2002, 2004, 2006, forming spacers 2802, 2804, 2806 
(e.g., made of an insulating material Such as e.g. an oxide 
(e.g., silicon oxide), and counterdoping of the exposed region 
of the respective doped region 2002, 2004, 2006, 2008 to 
form the respective counterdoped regions 2104, 2106, 2204. 
2304. 

(0169 FIG. 29 shows a cross sectional view 2900 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a second time of the manufacturing. 
0170 Then, as shown in FIG. 29, a (doped or undoped) 
polysilicon layer 2502 (in an alternative example, a layer 
made of any other suitable electrically conductive material 
may be provided instead of the polysilicon layer 2502, e.g., a 
metal layer) may be deposited (e.g., using a CVD process) on 
the structure shown in FIG. 28. In an example, the polysilicon 
layer 2502 may be n-doped using phosphorous atoms, for 
example. As shown in FIG. 29, the polysilicon layer 2502 
may be conformally deposited on the structure shown in FIG. 
28, thereby covering and electrically contacting the connec 
tion regions 2108, 2206, 2306, 2404, etc., (not shown) and/or 
the counterdoped regions 2104, 2106, 2204, 2304, etc. (in 
case no highly doped contact regions are provided). 
(0171 FIG. 30 shows a cross sectional view 3000 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a third time of the manufacturing. 
FIG. 31 shows a cross sectional view 3100 of a portion of a 
switch matrix region 310 in accordance with yet another 
embodiment at a fourth time of the manufacturing. 
0172. Then, an insulating layer 2602 (e.g., an oxide layer 
2602, e.g., a silicon oxide layer 2602) may be deposited to fill 
the space of the staircase structure area 902 at least up to the 
upper surface of the insulating layer 802, followed by a pla 
narization process such as e.g. a CMP process down to the 
upper surface of the insulating layer 802. Then, in a similar 
manner as described above and as shown in FIG. 31, the 
charge storing layer stack may be deposited and the gate 
contacts may be formed. Then, the polysilicon layer 2502 
may be patterned. In the embodiment shown in FIG. 31, a 
wider switch selection line 1902 (wider than the select switch 
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selection lines 314,316, 318,320, 322, 324, 326, 328) may 
additionally be provided for decoding as a commonly shared 
select gate. In this case, Smaller select gates (and thus also 
narrower switch selection lines 1904, 1906, 1908, 1910 com 
pared with the width of the switch selection lines 314, 316, 
318,320,322,324,326,328 may be provided) for decoding. 
This may save chip area for the memory cell field 202. Fur 
thermore, in this embodiment, a low resistance may be pro 
vided (and thus higher read currents) due to shorter memory 
cell Strings. 
(0173 FIG. 32 shows a cross sectional view 3200 of a 
portion of the switch matrix region 310 in accordance with yet 
another embodiment at a fifth time of the manufacturing. 
0.174. Then, a contact hole (in an alternative example, a 
plurality of contact holes) may be formed in the insulating 
layer 2602 to expose a portion of the polysilicon layer 2502 
(in an example, at any step of the staircase structure, e.g., in 
the uppermost step of the staircase structure). The contact 
hole may be filled with electrically conductive material 2702 
(e.g., tungsten (W) or tungsten silicide (WSi)). In an example, 
then, a metal layer may be deposited (e.g., using a CVD or 
PVD) and then patterned such that bit lines 2704, which may 
respectively electrically coupled to the electrically conduc 
tive material 2702 filled into the contact hole. It should be 
mentioned that in an alternative example, an arbitrary number 
of metal layers may be provided in the back-end-of-line 
(BEOL) processing to connect the respective components in 
the memory cell arrangement. In accordance with this 
embodiment, only one contact hole is needed due to imple 
mentation of the n-polysilicon bridge, e.g., implemented by 
the polysilicon layer 2502. As discussed above, the landed 
contact (using the contact hole) could be placed on several 
positions within the staircase structure area 902. 
(0175 With respect to the switch matrix region 310, in 
various embodiments, a first staircase may be formed first 
(one step for each memory layer, e.g., one step for each layer 
of memory cell Strings) and a combination of n-implants and 
p-implants may be provided to create the select gate Switch 
matrix. The staircase may allow a deep n-implant and a shal 
low p-implant with a very good depth control. The deep 
n-implants may be provided for the normally-ontransistors to 
be formed, which may be arranged below the normally-off 
select transistors to be formed with the shallow p-implants. 
0176). In the following, various embodiment of the source 
line region 308 will be described in more detail. The source 
line region 308 may be provided, e.g., for a well contact and 
a source line contact. 
0177 FIG. 33 shows a cross sectional view 3300 of a 
portion of the source line region 308 in accordance with an 
embodiment. 
0178. In this embodiment, also in the source line region 
308, a staircase structure may beformed, e.g. at the same time 
(but of course with a different mask pattern) as the bit line 
staircase structure 804 is formed, e.g., as described above. In 
the source line staircase structure, each step may include a 
stack of two inversely doped regions, e.g., an n-doped region 
3302 (which may serve as a respective source/drain contact 
for a programming operation and/or a read operation) and a 
p'-doped region3304 (which may serve as a body contact for 
an erase operation) on top of each other, wherein the n-doped 
region 3302 may respectively be provided on top of the 
p'-doped region 3304, or, in an alternative example, the 
p'-doped region3304 may respectively be provided on top of 
the n-doped region 3302. In this embodiment a steep stair 
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case structure is provided in order to provide electrical con 
nection down to the lower transistors (in other words to pro 
vide electrical connection down to the lowest semiconductor 
layer, e.g., to the first semiconductor layer 508). 
0179. In an example, the source line staircase structure 
may beformed at the beginning of the manufacturing process 
and, as discussed above, combined with the formation of the 
bit line staircase structure and intermediate buried with oxide. 
In an example, the formation of the Source line staircase 
structure may be self-aligned. Furthermore, line-like source 
line etch processes may be used to remove the buried oxide 
later in the process. Then, the formed large contact region 
may be filled with electrically conductive material 3306 such 
as, e.g., titanium nitride/tungsten (TiN/W), followed by a 
planarization process (e.g., using CMP). 
0180. It should be noted that the whole source line stair 
case structure could in an alternative example also be etched 
after the gate contact or MOL formation (as e.g. described 
with reference to FIG. 17), followed by line-like contact as a 
staircase. Then the implants could be provided, followed by 
the contact fill and a planarization (e.g., using CMP). 
0181 FIG. 34 shows a cross sectional view 3400 of a 
portion of the source line region 308 in accordance with 
another embodiment. 

0182. In this embodiment, instead of the n-doped regions 
3302 and the p"-doped regions 3304 of FIG. 33, salicided 
sidewall contacts 3402 are provided to the specific stacked 
memory cells (e.g. to the respective memory cell Strings). In 
an example, the source line region 310 may include a 
V-shaped source line construction. The salicided sidewall 
contacts 3402 may provide a schottky like contact without 
additional implants being required in order to avoid diode 
formation and to enable body contact (e.g., -20 V during an 
erase operation) and string contact (e.g., 0 V during a pro 
gramming operation and/or a read operation). In an example, 
the common Source line may be etched after the gate contact 
formation or the MOL formation, as described above. In an 
example, a line-like, tapered source line contact may be pro 
vided, which may then be salicided (e.g., forming titanium 
salicide (TiSi) or cobalt salicide (CoSi)), wherein the salici 
dation may be followed by a contact fill (e.g., using tungsten 
(W) or tungsten silicide (WSi) and a planarization process 
(e.g., using CMP). 
0183 FIG. 35 shows a cross sectional view 3500 of a 
portion of the source line region 308 in accordance with yet 
another embodiment at a first time of the manufacturing. 
0.184 This embodiment is similar to the embodiment 
shown in FIG.33 with the difference, that the contact filling 
material 3502 is not a metal but an electrically conductive 
material having a higher temperature stability Such as, e.g., 
polysilicon 3502. In this embodiment, the source line stair 
case structure may be formed at the beginning of the manu 
facturing process before the formation of the bit line staircase 
structure and the gate contacts and the MOL processes, etc. 
This is possible since the polysilicon 3502 of the source line 
contact is not destroyed during the high temperature pro 
cesses used in the formation of the memory cells, for 
example. After the formation of the source line contact, shal 
low trench isolations (STI) may be formed in this embodi 
ment. 

0185 FIG. 36 shows a cross sectional view 3600 of a 
portion of the source line region 308 in accordance with yet 
another embodiment at a second time of the manufacturing. 
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0186. After having deposited the polysilicon 3502, in this 
example, the charge storing layer stack (e.g., the charge trap 
ping layer stack) may be deposited, followed by the formation 
of the gate contacts. 
0187 FIG. 37 shows a cross sectional view 3700 of a 
portion of the source line region 308 in accordance with yet 
another embodiment at a third time of the manufacturing. 
0188 Then, a further insulating layer 802 (which may be 
used as an auxiliary mask layer Such as, e.g., as a hard mask 
layer), e.g., made of silicon dioxide, may be deposited on the 
upper surface of the fourth semiconductor layer 520. Next, a 
contact hole (which may have a line-like structure) may be 
formed (e.g. etched, e.g. using an anisotropic etching process 
Such as, e.g., a RIE process), thereby exposingaportion of the 
upper surface of the polysilicon 3502, and the contact hole 
may be filled with electrically conductive material such as, 
e.g., tungsten (W) or tungstensilicide (WSi), thereby forming 
the source line contact of the source line 332 on top of the 
polysilicon 3502. 
0189 This embodiment provides a good connection, since 
the select gates 330,334 are provided over a large area of the 
polysilicon 3502 filling. This may provide a homogeneous 
on-current in the respective layers (e.g., in the memory cell 
Strings). 
0190. In various embodiments referring to the source line 
region 308, a staircase is proposed that allows an area opti 
mized n/p-contact to the p-body of the memory cell strings, 
for example. The n/p-contacts placed on top of each other 
and which may be provided for each step of the staircase 
structure may be well defined due to the shallow implants 
provided in various embodiments. Another embodiment pro 
poses a simple solution with a source line contact realized by 
an ohmic salicided contact (see, e.g., FIG. 34). 
0191 Invarious embodiments, an accurate control of dop 
ing profiles and a reliable operation of the select gates in a 
switch matrix region 310 for the select gates is not required. 
Thus, the various described embodiments are suitable even 
with a large number of layers being stacked above one 
another, e.g., in a fin structure. 
0192 Some features of various embodiments will be listed 
below: 

0193 Invarious embodiments, a staircase like structure 
may be provided for a bit line select matrix. 

0.194. In various embodiments, a staircase structure 
may be made using a sequence of lithographic and etch 
ing processes or using a single lithographic process fol 
lowed by a spacer and etch Scheme. 

0.195. In various embodiments, a combination of nor 
mally-on transistors and normally-off transistors may be 
provided. 

0196. In various embodiments, a method applicable to a 
stacked NAND memory cell field (e.g., a memory cell 
array), e.g., having two or more levels, is provided. 

0.197 In various embodiments, a staircase like structure 
may be provided for a source line of a stacked memory 
field (e.g., a memory cell array). 

0198 Invarious embodiments, optionally, an additional 
Select gate may be provided as a high Voltage Switch and 
shrunk select gates for the Switch transistors, for 
example (thereby achieving area gain in case of many 
memory cell levels. 

0199. In various embodiments, optionally, a source line 
with a salicided contact to silicon bodies, for example, 
may be provided (with or without n/p-implants). 
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0200. In various embodiments, optionally, non-SOI 
wafers and stacking of alternating oxide/silicon wafers 
by means of deposition may be provided. 

0201 In various embodiments, optionally, periphery in 
bulk silicon may be provided together with a removal of 
all SOI layers first in the periphery region. 

0202) In various embodiments, optionally, periphery 
circuitry may be provided in the top SOI (thus, addi 
tional memory levels may be buried, which may be used 
for conventional processing in the periphery, like con 
tactS etc. 

0203. In an embodiment, an integrated circuit having a 
memory cell arrangement is provided. The memory cell 
arrangement may include a fin structure extending in a first 
direction. The fin structure may include a first memory cell 
structure having a plurality of first active regions of a first 
plurality of memory cells coupled with each other in serial 
connection in the first direction, and a second memory cell 
structure having a plurality of second active regions of a 
second plurality of memory cells coupled with each other in 
serial connection in the first direction, wherein the second 
memory cell structure is disposed above the first memory cell 
structure. The memory cell arrangement may further include 
a memory cell contact structure configured to electrically 
couple the first memory cell structure and the second memory 
cell structure. The memory cell contact structure may have a 
staircase structure, a first step of which is configured to elec 
trically contact the first memory cell structure, and a second 
step of which is configured to electrically contact the second 
memory cell structure. 
0204. In an example of this embodiment, the integrated 
circuit may further include a plurality of charge storage layer 
structures disposed adjacent at least one sidewall of the fin 
structure covering at least a portion of the first active regions 
and at least a portion of the second active regions. The charge 
storage layer structure may include a floating gate layer struc 
ture. Alternatively, the charge storage layer structure may 
include a nanocrystalline type layer structure having nanoc 
rystals embedded in a dielectric, the nanocrystals being con 
figured to store electrical charges. Further alternatively, the 
charge storage layer structure may include a charge trapping 
layer structure, e.g., a nitride based charge trapping layer 
Structure. 

0205. In another example of this embodiment, the inte 
grated circuit may further include a Switch arrangement 
including Switches configured to individually select the 
memory cells. The switches may be formed by transistors. 
Furthermore, the Switch arrangement may include normally 
off select transistors and normally-on select transistors 
0206. In another example of this embodiment, the fin 
structure may further include a first insulating layer disposed 
between the first memory cell structure and the second 
memory cell structure. 
0207. In yet another example of this embodiment, the fin 
structure may further include a second insulating layer dis 
posed above the second active regions, and a third memory 
cell structure having a plurality of third active regions of a 
third plurality of memory cells coupled with each other in 
serial connection in the first direction. The third memory cell 
structure may be disposed above the second memory cell 
Structure. 
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0208. In yet another example of this embodiment, the fin 
structure may further include source/drain regions adjacent 
the first active regions and the second active regions, respec 
tively. 
0209. In yet another example of this embodiment, the fin 
structure may be made of a semiconductor material, e.g., 
silicon. 

0210. In yet another example of this embodiment, the fin 
structure may further include a plurality of control gate layers 
disposed next to the charge storage layer structures. 
0211. In an example of this embodiment, the memory cell 
contact structure may include a plurality of contact holes, 
wherein each contact hole is coupled with a respective step of 
the staircase structure. 

0212. In another example of this embodiment, the inte 
grated circuit may further include a bit line coupled with the 
memory cell contact structure. 
0213. In another example of this embodiment, the memory 
cell contact structure may be part of the fin structure. 
0214. In another example of this embodiment, the first step 
and the second step may each include a first doped region 
doped with doping atoms of a first conductivity type. The 
memory cell contact structure may further include second 
doped regions doped with doping atoms of a second conduc 
tivity type, wherein the second conductivity type may be 
different from the first conductivity type, wherein the second 
doped regions are disposed next to first doped regions in the 
first direction. 

0215. In another embodiment, an integrated circuit having 
a memory cell arrangement is provided. The memory cell 
arrangement may include a fin structure. The fin structure 
may include a first memory cell structure having at least one 
first active region of at least one first memory cell, a second 
memory cell structure having at least one second active region 
of at least one second memory cell, wherein the second 
memory cell structure is disposed above the first memory cell 
structure, and a memory cell contact structure configured to 
electrically couple the first memory cell structure and the 
second memory cell structure, wherein the memory cell con 
tact structure has a staircase structure, a first step of which is 
configured to electrically contact the first memory cell struc 
ture, and a second step of which is configured to electrically 
contact the second memory cell structure. 
0216. In an example of this embodiment, the integrated 
circuit may further include a plurality of charge storage layer 
structures disposed adjacent at least one sidewall of the fin 
structure covering at least a portion of the first active regions 
and at least a portion of the second active regions. The charge 
storage layer structure may include a floating gate layer struc 
ture. Alternatively, the charge storage layer structure may 
include a nanocrystalline type layer structure having nanoc 
rystals embedded in a dielectric, the nanocrystals being con 
figured to store electrical charges. In another alternative, the 
charge storage layer structure may include a charge trapping 
layer structure. 
0217. In an example of this embodiment, the integrated 
circuit may further include a Switch arrangement having 
switches configured to individually select the memory cells. 
The switches may be formed by transistors. Furthermore, the 
Switch arrangement may include normally-off select transis 
tors and normally-on select transistors. 
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0218. In an example of this embodiment, the fin structure 
may further include a first insulating layer disposed between 
the first memory cell structure and the second memory cell 
Structure. 

0219. In another example of this embodiment, the fin 
structure may further include a second insulating layer dis 
posed above the second active regions, and a third memory 
cell structure having a plurality of third active regions of a 
third plurality of memory cells coupled with each other in 
serial connection in the first direction, wherein the third 
memory cell structure may be disposed above the second 
memory cell structure. 
0220. In another example of this embodiment, the fin 
structure may further include source/drain regions adjacent 
the first active regions and the second active regions, respec 
tively. 
0221. In another example of this embodiment, the fin 
structure may be made of a semiconductor material, e.g., 
silicon. 
0222. In another example of this embodiment, the fin 
structure may further include a plurality of control gate layers 
disposed next to the charge storage layer structures. 
0223) In another example of this embodiment, the memory 
cell contact structure may include a plurality of contact holes, 
wherein each contact hole may be coupled with a respective 
step of the staircase structure. 
0224. In yet another example of this embodiment, the inte 
grated circuit may further include a bit line coupled with the 
memory cell contact structure. 
0225. In yet another example of this embodiment, the 
memory cell contact structure may be part of the fin structure. 
0226. In yet another example of this embodiment, the first 
step and the second step each may include a first doped region 
doped with doping atoms of a first conductivity type. Further 
more, the memory cell contact structure may further include 
second doped regions doped with doping atoms of a second 
conductivity type, wherein the second conductivity type may 
be different from the first conductivity type. The second 
doped regions may be disposed next to first doped regions in 
the first direction. 
0227. In another embodiment, an integrated circuit having 
a memory cell arrangement is provided. The memory cell 
arrangement may include a Substrate, a fin structure disposed 
above the Substrate, and a memory cell contacting region. The 
fin structure may include a memory cell region having a 
plurality of memory cell structures being disposed above one 
another, wherein each memory cell structure may include an 
active region of a respective memory cell. The memory cell 
contacting region may be configured to electrically contact 
each of the memory cell structures, wherein the memory cell 
contacting region may include a plurality of contact regions, 
which are at least partially displaced with respect to each 
other in a direction parallel to the main processing Surface of 
the substrate. 
0228. In an example of this embodiment, the memory cell 
contacting region may further include contact holes being 
arranged substantially perpendicular to the main processing 
surface of the substrate, wherein each contact hole may be 
configured to contact a respective one of the contact regions. 
0229. In an example of this embodiment, the integrated 
circuit may further include a plurality of charge storage layer 
structures disposed adjacent at least one sidewall of the fin 
structure covering at least a portion of the active regions. The 
charge storage layer structure may include a floating gate 
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layer structure. Alternatively, the charge storage layer struc 
ture may include a nanocrystalline type layer structure having 
nanocrystals embedded in a dielectric, the nanocrystals being 
configured to store electrical charges. In another alternative, 
the charge storage layer structure may include a charge trap 
ping layer structure. 
0230. In an example of this embodiment, the integrated 
circuit may further include a Switch arrangement having 
switches configured to individually select the memory cells. 
The switches may be formed by transistors. Furthermore, the 
Switch arrangement may include normally-off select transis 
tors and normally-on select transistors. 
0231. In an example of this embodiment, the fin structure 
may further include an insulating layer disposed between two 
memory cell structures. 
0232. In another example of this embodiment, the fin 
structure may further include source/drain regions adjacent 
the active regions. 
0233. In yet another example of this embodiment, the fin 
structure may be made of a semiconductor material, e.g., 
silicon. 
0234. In another example of this embodiment, the fin 
structure may further include a plurality of control gate layers 
disposed next to the charge storage layer structures. 
0235 Inyet another example of this embodiment, a bit line 
may be provided which may be coupled with the memory cell 
COntact Structure. 

0236. In yet another example of this embodiment, the 
memory cell contact structure may be part of the fin structure. 
0237. In yet another example of this embodiment, each 
contact region may include a first doped region doped with 
doping atoms of a first conductivity type. The memory cell 
contact structure may further include second doped regions 
doped with doping atoms of a second conductivity type, 
wherein the second conductivity type may be different from 
the first conductivity type. The second doped regions may be 
disposed next to the contact regions in the direction parallel to 
the main processing Surface of the Substrate. 
0238. In yet another example of this embodiment, the con 

tact regions may be displaced with respect to each other in a 
direction perpendicular to the main processing Surface of the 
substrate. 
0239. In another embodiment, a method 3800 for manu 
facturing an integrated circuit having a memory cell arrange 
ment is provided as shown in FIG. 38. The method 3800 may 
include, in 3802, forming a fin structure. Then, in 3804, a 
memory cell region may be formed in the fin structure. The 
memory cell region may include a plurality of memory cell 
structures being disposed above one another. Each memory 
cell structure may include an active region of a respective 
memory cell. In 3806, a memory cell contacting region may 
beformed which is configured to electrically contact each of 
the memory cell structures, such that the memory cell con 
tacting region includes a plurality of contact regions, which 
are at least partially displaced with respect to each other in a 
direction parallel to the main processing Surface of the Sub 
Strate. 

0240. In another embodiment, a method 3900 for manu 
facturing an integrated circuit having a memory cell arrange 
ment is provided as shown in FIG. 39. The method3900 may 
include, in 3902, forming a fin structure such that the fin 
structure includes a first memory cell structure having at least 
one first active region of at least one first memory cell in the 
fin structure, and a second memory cell structure having at 

Dec. 17, 2009 

least one second active region of at least one second memory 
cell, wherein the second memory cell structure is disposed 
above the first memory cell structure. Then, in 3904, a 
memory cell contact structure may be formed which may be 
configured to electrically couple the first memory cell struc 
ture and the second memory cell structure, such that the 
memory cell contact structure has a staircase structure, a first 
step of which is configured to electrically contact the first 
memory cell structure, and a second step of which is config 
ured to electrically contact the second memory cell structure. 
0241. As shown in FIGS. 40A and 40B, in some embodi 
ments, memory devices such as those described herein may 
be used in modules. 

0242. In FIG. 40A, a memory module 4000 is shown, on 
which one or more memory devices 4004 are arranged on a 
substrate 4002. The memory device 4004 may include numer 
ous memory cells, each of which uses a memory element in 
accordance with an embodiment. The memory module 4000 
may also include one or more electronic devices 4006, which 
may include memory, processing circuitry, control circuitry, 
addressing circuitry, bus interconnection circuitry, or other 
circuitry or electronic devices that may be combined on a 
module with a memory device. Such as the memory device 
4004. Additionally, the memory module 4000 may include 
multiple electrical connections 4008, which may be used to 
connect the memory module 4000 to other electronic com 
ponents, including other modules. 
0243 As shown in FIG. 40B, in some embodiments, these 
modules may be stackable, to form a stack 4050. For example, 
a stackable memory module 4052 may contain one or more 
memory devices 4056, arranged on a stackable substrate 
4054. The memory device 4056 contains memory cells that 
employ memory elements in accordance with an embodi 
ment. The stackable memory module 4052 may also include 
one or more electronic devices 4058, which may include 
memory, processing circuitry, control circuitry, addressing 
circuitry, bus interconnection circuitry, or other circuitry or 
electronic devices that may be combined on a module with a 
memory device, such as the memory device 4056. Electrical 
connections 4060 are used to connect the stackable memory 
module 4052 with other modules in the stack 4050, or with 
other electronic devices. Other modules in the stack 4050 
may include additional stackable memory modules, similar to 
the stackable memory module 4052 described above, or other 
types of Stackable modules, such as stackable processing 
modules, control modules, communication modules, or other 
modules containing electronic components. 
0244. While the invention has been particularly shown and 
described with reference to specific embodiments, it should 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 
from the spirit and scope of the invention as defined by the 
appended claims. The scope of the invention is thus indicated 
by the appended claims and all changes which come within 
the meaning and range of equivalency of the claims are there 
fore intended to be embraced. 

What is claimed is: 
1. An integrated circuit comprising a memory cell arrange 

ment, the memory cell arrangement comprising: 
a fin structure extending in a first direction, the fin structure 

comprising: 
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a first memory cell structure comprising a plurality of 
first active regions of a first plurality of memory cells 
coupled with each other in serial connection in the 
first direction; 

a second memory cell structure comprising a plurality of 
second active regions of a second plurality of memory 
cells coupled with each other in serial connection in 
the first direction, wherein the second memory cell 
structure is disposed above the first memory cell 
structure; and 

a memory cell contact structure configured to electrically 
couple the first memory cell structure and the second 
memory cell structure, wherein the memory cell contact 
structure has a staircase structure, a first step of which is 
configured to electrically contact the first memory cell 
structure, and a second step of which is configured to 
electrically contact the second memory cell structure. 

2. The integrated circuit of claim 1, further comprising: 
a plurality of charge storage layer structures disposed adja 

cent at least one sidewall of the fin structure covering at 
least a portion of the first active regions and at least a 
portion of the second active regions. 

3. The integrated circuit of claim 2, wherein each charge 
storage layer structure comprises a structure selected from the 
group consisting of 

a floating gate layer structure; 
a nanocrystalline type layer structure comprising nanoc 

rystals embedded in a dielectric, the nanocrystals being 
configured to store electrical charges; and 

a charge trapping layer structure. 
4. The integrated circuit of claim 1, further comprising: 
a Switch arrangement comprising Switches configured to 

individually select the memory cells of the first and 
second plurality of memory cells. 

5. The integrated circuit of claim 4, wherein the switches 
comprise transistors. 

6. The integrated circuit of claim 1, wherein the memory 
cell contact structure comprises a plurality of contact holes, 
wherein each contact hole is coupled with a respective step of 
the staircase structure. 

7. The integrated circuit of claim 1, further comprising: 
a bit line coupled with the memory cell contact structure. 
8. The integrated circuit of claim 1, wherein the memory 

cell contact structure is part of the fin structure. 
9. The integrated circuit of claim 1, wherein the first step 

and the second step each comprises a first doped region doped 
with doping atoms of a first conductivity type. 

10. The integrated circuit of claim 9, wherein the memory 
cell contact structure further comprises second doped regions 
doped with doping atoms of a second conductivity type, 
wherein the second conductivity type is different from the 
first conductivity type, wherein the second doped regions are 
disposed next to first doped regions in the first direction. 

11. An integrated circuit comprising a memory cell 
arrangement, the memory cell arrangement comprising: 

a fin structure, comprising: 
a first memory cell structure having at least one first 

active region of at least one first memory cell; 
a second memory cell structure having at least one sec 
ond active region of at least one second memory cell, 
wherein the second memory cell structure is disposed 
above the first memory cell structure; and 

a memory cell contact structure configured to electrically 
couple the first memory cell structure and the second 
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memory cell structure, wherein the memory cell contact 
structure has a staircase structure, a first step of which is 
configured to electrically contact the first memory cell 
structure, and a second step of which is configured to 
electrically contact the second memory cell structure. 

12. The integrated circuit of claim 11, further comprising: 
a plurality of charge storage layer structures disposed adja 

cent at least one sidewall of the fin structure covering at 
least a portion of the at least one first active region and at 
least a portion of the at least one second active region. 

13. The integrated circuit of claim 11, further comprising: 
a Switch arrangement comprising Switches configured to 

individually select memory cells. 
14. The integrated circuit of claim 13, wherein the switches 

a comprise transistors. 
15. The integrated circuit of claim 11, wherein the memory 

cell contact structure comprises a plurality of contact holes, 
wherein each contact hole is coupled with a respective step of 
the staircase structure. 

16. The integrated circuit of claim 11, further comprising: 
a bit line coupled with the memory cell contact structure. 
17. The integrated circuit of claim 11, wherein the first step 

and the second step each comprise a first doped region doped 
with doping atoms of a first conductivity type. 

18. The integrated circuit of claim 17, wherein the memory 
cell contact structure further comprises second doped regions 
doped with doping atoms of a second conductivity type, 
wherein the second conductivity type is different from the 
first conductivity type, wherein the second doped regions are 
disposed next to first doped region in a first direction. 

19. An integrated circuit comprising a memory cell 
arrangement, the memory cell arrangement comprising: 

a Substrate; 
a fin structure disposed above the substrate, the fin struc 

ture comprising: 
a memory cell region comprising a plurality of memory 

cell structures being disposed above one another, each 
memory cell structure comprising an active region of 
a respective memory cell; and 

a memory cell contacting region configured to electrically 
contact each of the memory cell structures, wherein the 
memory cell contacting region comprises a plurality of 
contact regions, which are at least partially displaced 
with respect to each otherina direction parallel to a main 
processing Surface of the Substrate. 

20. The integrated circuit of claim 19, wherein the memory 
cell contacting region further comprises contact holes 
arranged substantially perpendicular to a main processing 
Surface of the Substrate, wherein each contact hole is config 
ured to contact a respective one of the contact regions. 

21. The integrated circuit of claim 19, further comprising a 
bit line coupled with the memory cell contacting region. 

22. The integrated circuit of claim 19, wherein each contact 
region comprises a first doped region doped with doping 
atoms of a first conductivity type. 

23. The integrated circuit of claim 19, wherein the contact 
regions are displaced with respect to each other in a direction 
perpendicular to the main processing Surface of the Substrate. 

24. A method for manufacturing an integrated circuit com 
prising a memory cell arrangement, the method comprising: 

forming a fin structure; 
forming a memory cell region in the fin structure, the 
memory cell region comprising a plurality of memory 
cell structures disposed above one another, each 
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memory cell structure comprising an active region of a 
respective memory cell; and 

forming a memory cell contacting region configured to 
electrically contact each of the memory cell structures, 
Such that the memory cell contacting region comprises a 
plurality of contact regions, which are at least partially 
displaced with respect to each other in a direction par 
allel to a main processing Surface of the Substrate. 

25. A method for manufacturing an integrated circuit com 
prising a memory cell arrangement, the method comprising: 

forming a fin structure such that the fin structure comprises 
a first memory cell structure having at least one first 
active region of at least one first memory cell in the fin 
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structure, and a second memory cell structure having at 
least one second active region of at least one second 
memory cell, wherein the second memory cell structure 
is disposed above the first memory cell structure; and 

forming a memory cell contact structure configured to 
electrically couple the first memory cell structure and 
the second memory cell structure. Such that the memory 
cell contact structure has a staircase structure, a first step 
of which is configured to electrically contact the first 
memory cell structure, and a second step of which is 
configured to electrically contact the second memory 
cell structure. 


